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REPORT BY THE TASK GROUP O?TRECO?l?fEITDATIONSFOR
CLEANUP AND REHABILITATION OF ENEWETAK ATOLL

INTRODUCTION ●

On September 7, 1972, the Atomic Energy Commission (AEC) agreed to

provide radiological criteria for cleanup and rehabilitation of Enewetak

Atoll to the Department of Defense (DOD) and to the Department of Interior

(DOI). AEC also agreed to conduct a comprehensive radiological sumey.

The purpose of the suney was to gain a sufficient understanding of the total

radiological environment of Enewetak Atoll to support judgment as to whether

all or any part of the atoll can safely be reinhabited and, if so, to des-

cribe cleanup actions to be taken by DOD and any constraints. These tasks

are identical to those performed for cleanup and rehabilitation of Bikini

Atoll and that experience has greatly aided the development of recommendations

for Enewetak.

Radiological survey field operations were conducted between mid-October

1972 and mid-February 1973. Samples taken in the field have been analyzed

and complete results of the survey have been published as a Nevada Operations

Office document (NVO-140), Enewetak Radiological Survey, Vols. I, II, III.

An abstract of NVO-140 is presented as Appendix I of this report, and the

“Summary of Findings” chapter is reproduced here in Appendix 11.

In July 1973, a Task Group was established to review the survey findings

and to

by “the

Dr. W.

prepare cleanup and rehabilitation recommendations for consideration

Cormnission. Members of this Task Group are: Mr. T. McCraw (AEC/OS),

Nervik (LLL), Dr. D. Wilson (LLL), and Mr. w. Schroebel (AEC/DBER).

Advisors and consultants to the Task Group have included Dr. E. Held (AEC/REG),

Dr. R. Conard (lIllL),Dr. H. Soule (AEC/WMT), Dr. N. Barr (AEC/DBER), Dr. R.

Maxwell (AEC/DBER), Mr. L. J. Deal (AEC/OS), and Mr. R. Ray (AEC/NVO). Staff

mE/qyyv=
liaison representatives from DNA, EPA, and DOI attended Task Group mee
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The job of the Task Group is to recommend for consideration by the

Commission, radiological criteria for cleanup and rehabilitation of Enewetak

Atoll and to recormnendthose remedial measures and actions needed to

reduce exposures of the Enewetak people to levels within these criteria.

The objective is to keep exposures as low as practicable. The Task Group,

advisors, and consultants have carefully reviewed the AEC Radiological Sumey

results; current information on the life style, diet, and rehabilitation .

preferences of the Enewetak people; applicable radiation protection guidance

established by various national and international radiation standards setting

bodies; and current laws and regulations pertaining to disposal of radioactive

waste materials. .

The recommendations that were developed are those that, in the judgment

of the Task Group, advisors, and consultants, are most appropriate for the

U.S. Government to take to provide a radiologically acceptable environment

for the Enewetak people considering they will be long-term residents on the

Atoll. Recommended measures for Enewetak Atoll are very simular to those

that guided cleanup and rehabilitation of Bikini Atoll.

TASK GROUP STATEXENT CONCERNING THE RADIOLOGICAL SUTNTY RESULTS

After thorough review of the Radiological Survey Report, the Task Group

makes the following observations:
.

● The survey provides an exceptionally complete data base for

estimating radiation doses. It includes the results of an

aerial gamma radiation survey of land area plus radiochemical

data from the analysis of over 4500 samples of air, soil, vegetation,

sediment, water, and marine and land animals. DOE ARCHIVES
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●

●

o

The survey

settlement

report, plus the Master Plan for Rehabilitation and re-

ef Enewetak Atoll*, provide information on possible

liting patterns and diet of the Enewetak people. .

Several important components of the Enewetakese diet are either not

now available on the Atoll, or are available in quantities which are

small compared to the needs of the people. Pigs and chickens are not

available at all, but will be reintroduced. No breadfruit is growing

now; pandanus and tacca are growing only in scattered locations; and
●

coconut is growing in quantity only on the southern islands. Bread-

fruit, pandanus, tacca, and coconut must be planted and will begin

to produce crops after about 8 years. Radiation dose estimates for

these foods have had to be based on correlations with plants and

animals now present on the Atoll and on inferences drawn from

earlier surveys on Bikini and Rongelap. There are many data points,

and these correlations provide the best method currently available

for estimating internal exposures. Nevertheless, the method is not

as reliable as direct measurement of the foods produced in the areas

of concern.

Air sampling at Enewetak, accomplished largely during a 3 week period

in December 1972 on uninhabited northern islands, showed extremely

low levels if airborne radioactivity. Comprehensive air sampling

during 12 consecutive months under conditions closely approximating

human habitation and soil disturbance would provide more accurate

data on which to base inhalation exposure estimates. _
POE ARCHIVES

~he report, “Enewetak Atoll Master Plan for Island Rehabilitation and
Resettlement,” (3 Vols.), Holmes and Narver, Inc., Nov. 1973, contains
information on the preferred living pattern for resettlement of Atoll
obtained prior to completion of the AEC evaluation of radiological survey
findings. The people are to be given another opportunity to express their
views on the remedial actions under consideration by the AEC after they
have been informed of radiological conditions in the Atoll, and the
subjects of radiation exposure, radiation standards, radiation protection
objectives, and remedial measures and their effectiveness have been discussed.
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● The Enewetak people advise that catchment rainwater is ‘thecustomary

principal source of water for human consumption. Except in

emergencies, water from underground lenses is not consumed.

Samples of underground water were not obtained during the survey,

and radiochemical analytical data on lens water is limited to that

obtained from a few samples taken on JANET in 1971. A thorough lens

water sampling, analysis, and assessment program requires sampling

through a full rain-dry season cycle, 12 consecutive months at

a minimum. Arrangements for sampling fresh water lenses are

being made. This work will be done by AEC.

o It is the opinion of the Task Group that the results of additional

air sampling or lens water sampling probably would not significantly
.

change the dose estimates in NVO-140 nor change the recommendations

of this Task Group.

RADIATION CRITERIA RECOMMENDED BY THE TASK GROUP

A review of the radiation protection standards and guides considered by

the Task Group to be applicable to Enewetak iS presented in Appendix 111.

This review indicates that the numerical standards and radiation protection

philosophy of both national and international standards bodies are similar.

Summarizing that appendix, the specific guidance and criteria used by the

Task Group in its assessment of the data and recommended for cleanup and

rehabilitation of the Atoll, are as follows:

●

●

The population dose to the Enewetak people should be kept to the

minimum practicable level.

The Federal Radiation Council (FRC) Radiation Protection Guides

(RPG) for individual and gonadal exposures are recommended as the

criteria to be used in evaluating the various radiation exposure
~Q~ A~CH~V~
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options. The numerical guidance therein should be reduced by the

factors of 50 percent for individual exposure and 20 percent for

gonadal exposure considering that exposures cannot be precisely

predicted. The detailed rationale for these reductions is provided ~

in Appendix III. The resulting guides for planning cleanup actions

will then be:

Whole body and bone marrow - 0.25 Rem/yr

Thyroid - 0.75 Remfyr

Bone - 0.75 Rem/yr

Gonads - 4 Rem in 30 yr

● Since there is no adequate scientific information which would support

general guidance for cleanup of plutonium contaminated soil,

guidance can only be developed on a case-by-case basis using con-

servative assumptions and safety factors. With this in mind, the

Task Group recommends the following for use in making decisions

239
concerning Pu cleanup operations at Enewetak:

a. < 40 pCi/gm of soil - corrective action not required.

b. 40 to 400 pCi/gm of soil - corrective action determined on a

case-by-case basis* considering all radiological conditions.

c* > 400 pCi/gm of soil - corrective action required.

ASSESSME??TOF DOSES AX!)THE RESULTS OF ALTER?TATIVECORRECTIVE ACTIONS

The Task Group approach for devel~pment of judgments and reco~endations

for the radiological cleanup and rehabitation of Enewetak was to consider

a number of alternatives for exposure reduction that may be feasible. Basically,

the procedure

*See Appendix

involved four steps:

III for additional guidance.

-5-
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● Assessment of doses for a population liting on the Atoll in its.

current radiological condition.

● Assessment of dose reductions that might be expected due to modifica-

tion of the diet.

● Assessment of dose reductions that might be expected due to removal

of contaminated soil.

● Comparison of these dose assessment.matrices with the population dose

guidelines used by the Task Group.

The Enewetak Radiological Survey Report (NVO-140) contains estimates for

average population doses on the Atoll for 5, 10, 30, and 70 years in its

current radiological condition and for six living patterns covering a range

of exposure conditions and including the pattern considered to be most

representative of the Enewetak people.’sdesired life style after they return.

I?a-Qr.1.la1 #e.*+-k-“4..14..4”.-.-.+4---- .n.-...naaT- .rlA-l+<*m ~r..~ nc.t-l . . ..+nc- -- . -- - - - - - - -.. - -—.- -- . -.-O ~- - - “. --- -- - —- - - -.. ------- ..> - - .- . ..4 - --

are made for each of these living patterns for each of the following corrective

actions:

e

●

*

●

Gravel

Import

KEITH)

Import

the village area and plow the village island.

pandanus and breadfruit from the southern islands (ALVIN-

for inhabitants of the northern islands.

pandanus, breadfruit, coconut Ad tacca from the southern

islands.

Import pandanus, breadfruit, coconut, tacca, and domestic meat from

the southern islands.

The estimates for 30 year whole body doses in the Survey Report are

summarized in Table 1 of the Task Group report, and 30-year-bone dose

estimates are summarized in Table 2. Note t’hatthe option for “Gravel Village

Area - Plow Village Island,” achieves a minimal reduction in radiation

POE ARCHIVES
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.
exposure of whole body and bone for all living patterns,

JANET would have to import most foods to avo,idexceeding

exposure of 4 reinsin 30 years.

and those living on
I

a vhole body

Population dose guidelines used by the Task Group include annual dose

rates as well as 30 year integrals for genetic doses. Appendix IV provides a

detailed description of thecalculations leading to estimates of maximum annual

exposure for the critical organ of the segment of the population expected

to receive the highest exposure. A detailed assessment of dose was made

considering dietary changes that can be expected to occur with time and

with age as these would influence dose to the fetus, the newborn, to

children, and to adults. Estimates are developed both for persons who

are adults when they return and for children born after return of their

parents to the Atoll. Dynamic situations were evaluated such that exposures

in the highest year are predicted.. These estimates are not therefore average

..-......1..-1....-..-..14-ml.l.......-rr----.-- “.-. s -a--f-~-c 4-4...--------.-*--- --d ~:~=z.;r~~~F-++h.-sv~-.-”.- *. --..-, ___ - --- --

years should be lower than the predicted dose.

Consemative values have been selected for variables in models for

assessment of expected doses. Though conservative, the estimates are not

considered ultra conservative and do not constitute the theoretical

maximum credible or worst case exposure. These conservative estimates of

expected maximum annual exposure presented’in Appendix IV are considered by

the Tas’kGroup to be applicable to individuals in the Enewetak population.

There will be few persons within this population at any one time who are fetus,

newborn, or infants, believed to be the most sensitive members. Therefore,

the predicted exposures are judged suitable for comparison with FRC exposure

guides for individuals within an etiosed population. Tables 3 and 4 show

.
estimates of the maximum annual whole body and bone dose. DOE ARCHIVES
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\“
In considering the reduction in exposure that may be achievable through

removal of contaminated soil, the Task Group has taken the position that these

predicted exposures are approximations only. The effectiveness of such actions

to reduce internal exposures that come through the food chain must be con-

fimned through analysis of test plantings. The Task Group does not favor soil

removal as a dependable or feasible exposure reduction action for the dietary

pathway. However, such action is reviewed in the Task Group Report in order

to present a complete picture of the various possibilitiesconsidered.

In its assessment of dose reductions that might be possible due to

removal of contaminated soil, the Task Group posed the following question:

“Given the dose estimates of Tables 1-4, and the dose reductions that can

be expected due to the indicated actions, can equivalent dose reductions

be achieved by removal of soil and, if so, what volume of soil would have to

:. -.ma...aG--m -A”*-?..4”.+fiA4“1.I”A-?!!.—--.-- ...- ..---—___ -~. ~r-6-A-..~~ .Ja-n...*h<. q.~~~:~~~.--------. ----- ------- ---—-

one must know or have estimates of the areas to be used for housing and

villages, for growing pandanus and breadfruit, for growing coconut, an-dfor

raising domestic animals.

Figure 1 shows the Enewetak Atoll Land Use Plan as presented in the

Enewetak Atoll Master Plan. Of the northern islands only Enjebi (JANET)

.
would be used as a residence and agricultural-island if this were feasible.

Aej (OLIVE), Lujor (PEARL), Aiion(SALLY), Eijfle (TILDA), Lojwa (URSULA), and

Alamebel (VERA) are intended to be used as agricultural islands, and the

remainder (ALICE, BELLE, CLARA, DAISY, IRENE, KATE, LUCY, MARY, NANCY, and

WILMA) as food gathering and picnic islands. DOE ARCHIV12j

Figure 2 shows the land use plan for Enjebi Island (JANET), including

14 housing areas (560,000 ft2, ass’umingan a’veragehousing area to be 200’

x 200’ in size), a community center (200,000 ft2), subsistence agricultural

areas (1,100,000 ft2), and commercial agricultural areas (7,300,000 ft2).

-8-



In order to

to be removed to

get an approximation of the amount of soil that would have

bring about a given dose reduction, one needs to determine

the three dimensional distribution of the radioactive contamination.

90
shows the average Sr activities (pCi/gm) in soil samples collected

depth of 15 cm on JANET. Similar figures for
137CS 60C0 ad 239PU

9 s

Figure 3

to a

may

be found in Appendix II of NVO-140. In addition to the 15 cm deep samples,

radioactivity distribution as a function of depth (“profile samples”) was

measured in fourteen locations on JANET. Data

in Figs. B.8.2.a-n of Appendix 11 of NVO-140.

indicates that, on the average, about 40 cm of

from these prof+les are presented

Inspection of these profiles

soil would have to be removed “

to reduce the activity in the top 2 cm layer by a factor of 10. In addition,

as the depth increases the slope of the activity-vs-depth curve tends to

decrease, i.e., the activity levels do not go to zero, even at depths greater

than 100 cm. Table 5

In an attempt to

the “average profile”

90~r
shows pertinent data for .

quantify this distribution and obtain an approximation of

for calculational purposes, 90
Sr and 137Cs data for each

of the fourteen profile samples have been reproduced in Tables 6 and 7. The

90average values for Sr for each sampling depth are plotted in Fig. 4. It is

90apparent that from the surface to about 30 cm the Sr specific activity is

decreasing with a “soil half thickness” of 8.4 cm, while in the 30 to 85 cm

depth range the half thickness increases to 22 cm. The levels do not get as

low as those found on the southern islands (NO.5 pCi/”gm)at any depth down to

180 cm. Those profile samples which lie in or closest to the subsistence

agriculture areas of Figure 2 have been averaged and plotted in Fig. 5. In

this set, the half thickness is only 4 cm from the surface to 10 cm, but

increases to 25.5 cm in the 10 to 85 cm depth range. Stiilar treatment of the

137
Cs data is plotted in Figs. 6 and 7. In Fig. 6, where all samples are

DOE ARCHIVES
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averaged, the half thickness is 4.5 cm down to about 10 cm, and 12 cm from

10 to 85 cm.

are found at

case gives a

85 cm.

Levels equal to those found on the southern islands (~0.2 pCi/gm)
●

depths below about 100 cm. In Fig. 7, the subsistence agriculture

half thickness of 2.7 cm down to 10 cm, and 17.8 cm from 10 to

For both
90”

Sr and 137Cs it is apparent that the profile averaged over all

samples is more conservative than is the profile for subsistence agricultural

areas for estimating the effects of soil removal; therefore, tfieTask Group

has used Figs. 4 and 6 for estimating dose reductions that might occur due

to removal of soil.

In making these dose reduction approximations, one mwst keep two things

in mind; first, that the NVO-140 dose estimates for terrestrial foods grown on

an island such as JANET are based on correlations between certain indicator

..1.-4-. -.-a
=&----- ----

foods such

that these

- - .. 1 --- . -- A---- s--! -- - J - -1---.---.---.--.-~-““--- -“..US-...AU.A.u..aAIL LL4G Z—:5 CM bahiplcs[rl~.
.

2; S1.llLe

as pandanus and breadfruit were not found on JANET and, second,

concentrations are averaged over the 0-15 cm depth of Figs. 4 and 6.

Estimates of dose reductions to be expected due to

depth, therefore, require an estimate of the ratio

of the nuclides of concern in the 0-15 cm depth of

removal of soil to a given

of the average concentration

the newly exposed surface

to that for the surface which is present now. This approach does not consider

the radioactivity in the soils deeper than 15 cm which may be important,

particularly for plants with roots that”penetrate deeply into the soil. Table 8

presents these average concentrations and ratios for

cm increment from the present surface down to 105 cm

90Sr and 137Cs for each 15

as derived from Figs. 4

and 6. These estimates indicate, for example, that removal of 15 cm of soil

90may reduce the terrestrial food dose due to Sr by a factor of 3.3 and that

p~~ ~c~lv~
-1o-
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due to
137

CS by 3.2. However, such reduction may or may not be actually

achieved. The Task Group believes that subsistence crops should not be planted

on an island if use of the food produced is questionable. Measurements of

radionuclide content of fruit from test plantings would be needed to determine

the effectiveness of soil removal actions.

Using the data of Table 8, one may assess the dose reductions that might

occur due to specific cleanup actions on JANET. Table 9 shows the doses

that might occur due to seven different conditions. Case DI re~resents

“thecontributors to the 80 Rem bone dose of Table 2 using values for
90
Sr and

1.37
Cs averaged over all of JA.?.?ET.Case DI-1 indicates that if subsistence

agriculture is limited to the area shown in Fig. 2

90 137
shore) the Sr and Cs levels may be reduced to

resulting 30-yr-bone dose becomes 57 Rem. Removal

137Cs (4.5 cm) in the residential areas has little

(i.e., along the lagoon

such an extent that the

of a half-thickness of

effect since that action

influences only the external gamma dose. Removal of successive 15 cm layers

of soil in the subsistence agricultural areas, however, may reduce the bone

dose by significant amounts. Removal of the top 15 cm layer, for example,

may reduce the 30-year-bone dose from 57 Rem to 19 Rem, while removal of an

additional 15 cm may bring the dose down to 10.7 Rem.

Since soil removal-vs-bone dose reduction would possibly be most effective

for pandanus and breadfruit, a variation on the estimates of Table 9 may be

obtained by preferentially stripping soil in areas where these trees are

to be grown. For case DI-1, for example, if pandanus and breadfruit are

grown h the subsistence agricultural areas only in sections from which 15 cm

of soil have been removed, the resulting bone dose may drop from 57 Rem to

29.7 Rem (i.e., 57-39.1+ 11.8). If an additional 15 cm layer is removed,

the dose maydrop to 23.7 Rem. DOZ ARCHIVES

-11-
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Another action that would achieve the maximum dose reduction that can

be expected is through importation of clean soil from the southern islands or

from outside the Atoll.
90
Sr concentrations in the average prdfile (Table 6)

do not get as low as those on the southern islands even at a depth of

180 cm. To achieve this maximum effect, however, sufficient clean soil has

to be imported eo encompass the entire root system of the mature trees and

the water supply for these crops must not have
90
Sr levels higher than those

found in the southern islands. hy

granular. Such soil is less likely

conditions, the 57 Rem bone dose of

replacement soil should be $oarse and

to blow away or wash away. Given these

case DI-1

(57-39.1 + 2.1 (0.45) (the 2.1 Rem from Table

of NVO-140).

As to the question of whether equivalent

may be reduced to 18.9 Rem

241 and 0.45 from Table 243

dose reductions (equivalent to

reductions obtained through modification of the diet) could be obtained

through removal of contaminated soil, the Task Group holds the opinion that

some reduction is possible. However, the magnitude of this reduction is

uncertain and can only be determined reliably through measurement of the

radionuclide content of the important food items such as pandanus and bread-

fruit grown in the modified condition. This would require a research effort

to grow test plantings of the various food crops in the soil removal and

replacement areas using various fertilizers and trace minerals, and analysis

of radionuclide content of the fruit produced. There is the possibility that

radioactivity in the fruit could be reliably predicted from analysis of

stems and leaves of young and as yet unproductive plants. This would require

additional study.

POE ~Ci-I1vES
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In the commercial agriculture areas of JANET and the other northern

islands the item of concern is the radioactivity level of coconuts i.e.,

“Can the Enewetakese sell their copra?” Data in NVO-140 (pg 560-562)

indicate that 137Cs is the principal man-made radionuclide found in coconut

137 137 137
meat, with the relationship Cs (copra) = 1.33 Cs (soil) at Cs soil

40
concentrations greater than 4.7 pCi/gm. NVO-140 also indicates that K iS

found in copra at an average concentration of 6.8 pCi/gm. Since
40
Kiss

naturally occurring gamma emitter that has always been present in copra, one

way to judge the acceptability of copra grown in Enewetak Islands is on the

basis of its
137

Cs content relative to

137
Cs content in soil is less than 5.2

of the copra produced may be-less than

position that marketability should not

40K
the naturally occurring . If the

137
pCi/gm, for example, the Cs content

its 40K content. One could hold the

be affected if the fission product

radioactivity makes less contribution to consumer exposure than naturally occurin~

137
radioactivity in the product. Table 10 shows the mean Cs soil concentration

137
and soil removal actions that may reduce the Cs concentration in copra to

and CLARA, plotted in Figs.

calculations for each of these

40
values equal to and twice that of the natural K for all northern islands

(average profile data for PEARL, ALICE, BELLE,

8-11 and included in Table 8, were used in the

islands).

On JANET, for example, the commercial agriculture area in its current

137Cs/40K concentration ratio ofcondition should yield copra with an average

about three. Removal of a 6 cm thick layer of soil may reduce this value

to two, and removal of 14 cm may result in copra with equal concentrations

of 137
(% and 40K. Note that for islands planned to be used for.commercial

137
“agriculture, it is possible that only JANET and PEARL have Cs soil values

high enough to yield copra with a
137

Cs/40K ratio greater than 2.
.

Test

DOE ARCHIVM
-13-
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plantings of coconut would be needed in areas where removal of soil has

been conducted and the level of
137

Cs in coconut meat analyzed before any

commitment is made for planting of coconut

As previously noted, it may be possible to

coconut meat through analysis of stems and

. would save time.

trees in commercial quantities.

137
predict the level of Cs in

leaves of immature trees. This

The Task Group points out that measurable quantities of tests related

radioactivity will be found in copra from all islands in the atpll, the highest

levels from the nothem islands. No quarantee can be given for a level of

137 40
Cs acceptable in the market place, however, the level of natural K appears “

to be a reasonable guidepost since there has been no requirement to reduce

the level of naturally occuring radioactivity in copra.

DISPOSAL OF CONT.QIINATEDMATERIAL

For disposal of contaminated material, there appear to be several

categories, each requirin% separate consideration:

1. Contaminated scrap, non-plutonium.

2. Contaminated soil, non-plutonium.

3. Contaminated scrap, plutonium.

4. Contaminated soil, plutonium.

5. Pieces of plutonium metal.

Some of the above are below the ground surface such as in burial sites.

Some is near the surface such as the pieces of plutonium metal on YVONNE.

With regard to disposal, the Task Group considers it appropriate to cite

the objectives for disposal, to list possible approaches for disposal, and

to suggest possible interim measures where appropriate.
DC)EARCHnqZS
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Table 12 and the associated discussion in NV-140, Vol. I, contains

information on known or suspected burial sites for radioactive debris. The

Holmes and Narver “Engineering Study For A Cleanup Plan, Enewetak Atoll-Marshall

Islands,” Hn.-l348.l, contains information on the location and quantity of

other above ground contaminated scrap.

Considering the relative short radiological halftimes for the fission

products and induced radioactivity found on such scrap and debris, the Task

Group suggests that the objective for disposal is to make this ~ebris,

particularly scrap metal, unavailable to the people when they return.

Possible approaches for disposal are:

1.

2.

3.

Disposal in water filled and underwater craters.

Shallow land burial wherein the radiation level of the scrap

is not significantly greater than the radiation level on land.

Disposal in deeper portions of the lagoon. It is expected that

this would be a modest addition to similar material already there

from past test operations.

For contaminated soil, other than plutonium, the Task Group has not

included removal of such soil in its recommendations and therefore there would

be no requirement to select a method of disposal. If such disposal were

required, the objective would be to assure that there would be no pathway for

any exposure of the Enewetak people to this radioactivity and a minimal follow-

up requirement to insure that this situation continues”after disposal.

The Task Group view is that because of its extremely long half-life, disposal

of plutonium in the form of contaminated soil and scrap is a problem of greater

magnitude than

the Task Group

for fission products and induced activity. In its deliberations,

has assumed that the disposition of such material will be such

DOE ARCI-IIVU
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that there is no potential for exposure of the residents of the Atoll once

cleanup has been completed. This is then the objective for clejmup.

Recommendations which follow will treat the questions of how to approach

recovery of quantities of finely divided plutonium in the form of contaminated

soil, contaminated scrap, and the pieces of plutonium metal where they have

been found to occur. Appendix III of this report contains guidance on

decisions to be made on whether removal of plutonium

justified on various islands. It is the view of the

minimum, cleanup must accomplish the recovery of the

contaminated soil is
●

Task Group that as a

plutonium in the form of ,

contaminated materials, soil and scrap, from the various islands including

buried scrap. To maintain control of the materials and minimize the spread

of contamination, the recovery operations should utilize as few stockpiles

as necessary. YVON??Emay be a suitable site for such a stockpile until

proper disposal is accomplished. YVONNE is still under quarantine placed

in effect in May 1972, as a result of an AEC survey that indicated pieces

239
of metal containing milligrams quantities of Pu were on or near the

surface of the island.

It is the hope of the Task Group that deliberation and decisions on

disposal of plutonium contaminated soil and scrap will not delay other cleanup

and rehabilitation actions.

As

1.

2.

for considering disposal, there appear to be two possibilities:

Disposal wherein there is an irrevocable commitment of the

contaminant to the environment.

Disposal wherein,

change the method

with some difficulty, a later decision could

of disposal. DOE ARCHIV~

-16-
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The following ideas have been put forth regarding disposal of plutonium

contaminated soil and scrap: ●

1.

2.

3.

4.

5.

6,

Disposal of plutonium contaminated scrap in the deep lagoon or

deep ocean.

Make the contaminated soil into concrete blocks with disposal in

deep ocean or through burial on land..

Disposal of contaminated soil in the form of cement poueredinto

deep drill holes

Disposal of soil

a thick concrete

on land with the scrap added.

and scrap in the water filled craters on YVO!?NEwith -

cover.

Return of these materials for burial in the U.S. in packaged form or

as concrete blocks.

An effort be made to find a way to reduce the volume and amount of

material requiring disposal.

Any ocean disposal plans must conform with the specific provisions of

applicable regulations governing such disposal and must be approved by the

Environmental Protection Agency. Discussions with the Enewetak people and

their representatives indicate they strongly oppose disposal of radioactive

debris on the Atoll. Any plans for burial of contaminated debris within the

Atoll should be discussed with the people.

It may be possible to reduce the amount of material requiring disposal

by removal of the plutonium from the most highly

Task Group does not have adequate information to

be feasible. Research to determine whether this

conducted with YVONNE used as the study site.

contaminated soil. The

determine whether this may

can be accomplished could be

DOE ARC1-UV~
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.
TASK GROUP OBSERVATIONS AND CONCLUSIONS \

In the radiologically complex Enewetak Atoll environment there are a

large number of options that may be considered for cleanup and rehabilitation

of various islands. The Task Group has considered as many of these as

possible and has attempted to arrive at a consensus of opinion among the drafting

group and its technical advisors. Comments on draft material have been solicited

from staff of several Federal agencies. Their suggestions have influenced

the development of recommendations. Regarding each option, the following have

been considered.

1. Determination of the radiological exposure to be expected and

comparison of predicted exposures with accepted radiation exposure

criteria.

2. The feasibility of actions or restrictions inherent in the option.

3. The effectiveness of the option in bringing exposures within the

criteria and any uncertainties regarding the effectiveness.

4. The possible impact on the Enewetak people and on the environment.

Choice of the best overall method for reduction of exposures to the

lowest practicable level is a matter of judgment and opinion. The Task Group

has deliberated whether actions of an engineering nature, such as soil removal,

are preferable to actions that would restlict use of certain islands for
,

permanent habitation and food production. The adverse impact of engineering

actions on the Atoll environment and the uncertainties regarding effectiveness

have been viewed on the one hand, and the question of the extent to which the

Enewetak people would comply with restrictions on the other. ~~~A~C~lV~

NVO-140 and this Task Group report present the radiation doses that may

be associated with a broad range of options and provide data for calculating

doses for other options

expected for one option

for

can

.

anyone who wishes to do so. The dose reduction

be compared with that oi another. Dollar cost

-18-



estimates should be prepared by DNA for the remedial measures recommended by

AEC; and the impact and acceptability of restrictions can be evaluated through

discussions with the Enewetak Council.

In NVO-140, and in the previous section of this report, dose estimates -

and therefore options - were considered in matrix form (e.g., living pattern

vs. diet, or diet source vs. amount of soil removed). While these matrices

sene to indicate in detail the range of conditions to be found on the Atoll,

the Task Group feels that its analyses and recommendations are presented

more effectively in narrative form.

There are three basic questions to be addressed: 1)”1s the radiation

environment acceptable or can it be made acceptable for the Enewetak people to

return to their atoll,” 2)”1s the radiation environment on Enjebi acceptable
.

or can it be made acceptable for the people to return,” and 3)’’Arethere islands

which are not acceptable for people to conduct their normal agricultural and

social activities, and, if so, are there any actions that could be taken or

restrictions imposed that would keep exposures within acceptable criteria?”

Within this framework of data and basic questions, the Task Group has

focused attention on the following options (see Fig. 146, page II-3

Appendix II):

Option I

a. No return of the Enewetak people.

b. No radiological cleanup. J)OE ARCHIVM

This clearly represents a no-cost, no-radiation-dose option. Just as

clearly, it runs contrary to the expressed wishes of the Enewetak people. In

addition, choice of this option cannot be defended using current radiation pro-

tection philosophy and standards since the predicted exposures for persons livinq

on the southern island’sand using agriculture only on these islands are well

within acceptable standards.

-19-
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Option II

a. Return to the southern

b. Agriculture limited to

isl~ds (&VIN-KEITH).

the southern islands.

●

c. Travel restricted to the southern islands.

d. No restrictions on fishing.

e. No radiological cleanup.

This option (Row A of Tables 1-4) has a zero cost for radiological cleanup

that results in population doses well below the guides. It differs from

later options in that it leaves the problems of contaminated scrap in many

areas of the Atoll, and the Pu

sites on SALLY, plus generally

and PEARL, unresolved. Such a

in soil on YVONNE, IRENE, and in the burial

contaminated areas on ALICE, BELLE, CLARA,

choice would establish the need for off-limits

areas in perpetuity, at least for YVONNE, since the metallic Pu is expected

~~ ~~ --n-n-+ -- :-.2---------c *L- . 1.r...... ●=------- -.. --..----“. ~..uiSl&l.diiiueLAL1-c=AYUde=s cieailupis

performed. Under current conditions there is a potential for exposures exceeding

Federal standards through the inhalation pathway and the possibility of spread of

the contamination if access to the island is not controlled. This accounts for

the current quarantine of the island. Limiting all agriculture to the southern

islands is difficult to justify because some of the northern islands are lightly

contaminated. From Tables 1-4, for example, it can be seen that limiting orily

the growth of pandanus and breadfruit to the southern islands would permit all

other subsistence agricultural practices on JANET-WILMA without the radiation

exposure criteria being exceeded. Similarly, it is difficult to justify limiting

travel to the southern islands since the ambient gamma levels on the northern

islands do not represent a significant external exposure potential for

occasional visitation. DOE XRCHIVM

-20-
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Option III 1

a. Return to the southern islands (ALVIN-KEITH).

b. Subsistence agriculture limited to the southern islands plus JANET-WILMA

except that pandanus and breadfruit are limited to the southern islands.

c. No restrictions on travel.

d. No restrictions on fishing.

e. Remove Pu contamination on YVONNE, IRENE and the SALLY burial sites.

f. Remove radioactive scrap.

This is one of the less expensive options in that it requires removal

of only the most seriously contaminated materials. In practical terms, it

maximizes unrestricted use of areas of the Atoll having low radioactivity

levels, leaves no hazardous legacies for the indefinite future, and permits

living patterns which, with high confidence, are expected to result in population

doses well below the ~ecommended radiation criteria.

This option does not specify action against radioactivity in soil of the

islands such as ALICE, BELLE, and CLARA, nor does it recormnendthat residences

be built on JANET. By implication, therefore resettlement of JANET would have

to wait for radioactive decay and weathering processes to reduce contaminaticm

levels to acceptable values on these islands. Since the predominant isotopes,

137
~S and ‘0Sr, each have half-lives of 30 yea’rs,the waiting period could

be slightly more than one human generation for each factor of two reduction in

dose. On the other hand the reduction could proceed at a somewhat faster rate.

On JANET, reducing the maximum annual child’s bone marrow dose from 0.72 rem/yr

(Table 4, Case D-I) to the guide level of 0.25 rem/yr through natural decay of

the 90Sr would theoretically require a wait of about 50 years considering only

radiological decay. It is not expected that”such a reduction will actually

take that long. DOE ARCHIVES
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Option IV

a. All of Option 111 a, c, d, e, and f, PIUS:
●

b. Return to JANET and build residences and community center in locations

shown on the Master Plan.

c. Remove a minimum of 30 cm of soil in all areas where pandanus and

breadfruit are to be grown on JANET; import clean soil in which to

establish these plants; or import pandanus and breadfruit from the
.

southern islands.

If these actions proved to be as effective as the theoretical predictions,

this would permit return of the Enjebi people to their island. It should be

emphasized, however, that even with the above actions, predicted doses are

at or above the Task Group criteria for annual exposures and also well above

30 year gonadal criteria. The levels are expected to be well above those of

Option III.

Option IV c describes three ways in which essentially the same end can

the

theoretically be achieved. Importation of food is the most dependable action

but this imposes a long-term burden on the Enjebi people which they may find

objectionable. Removal of soil alone is another alternative, but the

effectiveness of the action is uncertain for reducing population dose since

90
Sr and

areas of

the dose

islands,

137
Cs are found so far below the surface on JANET. Importing soil for

subsistence crops such as pandanus and breadfruit would possibly reduce

from these foods to levels comparable to those found on the southern

provided that sufficient soil is imported to encompass the entire root

system of the mature trees. The water supply for these crops must not have

radioactivity levels higher than those in the southern islands. How this can be

insured is not obvious at this time.
POE ARCHIV=
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The Task Group considers Option IV a-c, by itself, to be unacceptable

at this the. Even with the actions and restrictions indicated.,exposures

would be too high to provide an acceptable margin within the Task Group

criteria. This is especially true for children born at about the time of

rehabitation. Importation of food from the southern part of the Atoll or

other sources is believed to represent an impractical solution to the problem

of excessive internal exposure. Use of a layer of clean soil in areas for food
●

production is not known to be effective and may be hard to regulate. Foods

produced through experiments to determine the effectiveness of this measure

should not be considered for use by people until the results are carefully

evaluated. Use of clean soil for subsistence crops may have little effect

on levels of radioactivity in domestic animals and coconut crabs, which

range over the entire island.

Since Option IV a-c is expected to result in population doses near or

slightly above the radiation criteria, further dose reduction may possibly

be achieved by:

d. Removal of 15 cm of soil in the subsistence agricultural area of JANET.

e. Removal of 15 cm of soil in the commercial agricultural area of JQTET.

These actions result in a theoretical reduction factor of 3 to 4 for
137CS

and ‘0Sr in the remaining top cm layer of soil - or have roughly the same

theoretical effect as waiting 60 years for radioactive decay to take place.

Whether food crops would show a similar reduction is uncertain. This action

would possibly result in an ultimate

criteria but above that expected for

finding that doses would be below the

people living on the southern islands.

DOEARCHIV=
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Most significantly, however, implementation of Option IV a-e would remove

a minimum of 15 cm of soil from essentially the entire island of JANET. Since

the top soil on that island is charitably described as meager, such action

would leave JANET a sand island. Heroic actions would be required to either

reconstitute the remaining soil through use of fertilizers and other

additives, or import topsoil sufficient to support subsistence and commercial

agriculture. With any of these actions a period of time would be required to

determine the effectiveness of the action. An additional period would be

required after a decision to plant subsistence and commercial crops in

quantity before the island could support its inhabitants.

Option V

a. All of Option IV a-e: plus:

b. Removal of a minimum of 10 cm of soil from PEARL.

m.. .c..LWUUVCJ u:
.

a UIiuuuuillU1. 47
. ..- ,. .---., .

Llu UL
--. - -

*UAJ. iL+JLU Z’ULbk, L+ clll Llulu DL14LD,

and 10 cm from CLARA.

d. If pandanus and breadfruit are to be grown on northern islands other

than JANET, the criteria of Option IV c should apply, i.e., plant in

soil having a

to the island

trees.

If these actions

calculational result,

90
Sr content of 4.6 pCi/gm or less, or bring clean soil

with a depth sufficient to contain the roots of these

achieved a levei of exposure

this would permit use of the

the Master Plan. This option is clearly much more

reduction as large as the

entire Atoll according to

expensive than other

options since it requires removal of additional soil and requires recon-

stitution of soil in the cleared areas. Consideration of these actions as

a viable option is clouded by uncertainties regarding the exposure reduction

that can be achieved through partial soil removal and by selective soil
.

replacement.
POE ARCHIVES
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For comparative purposes, population dose estimates for Options I-V are

presented in Table 11.

RECOMMENDATIONS

After careful review of all available radiological data the Task Group

members’ specific recommendations are aa follows:

1. The people of Enewetak Atoll may be safety returned to their home-

land provided certain actions are taken and precautions observed.

2. In the interest of achieving a minimum practicable radiation dose

for

a.

b.

c.

d.

e.

f.

g=

h.

the Enewetak people the Task Group recommends that:

The first villages and residences be constructed on ETXEl?,FRHl,

DAVID, or on any of the southern islands (ALVIN-KEITH) that the

Enewetak people choose.
.

Growth of all subsistence crops such as pandanus, breadfruit,

tacca, pigs, chickens, and all other terrestrial food stuffs

except coconut be limited to islands ALVIN-KEITH.

Subsistence and commercial coconut may be grown without remedial

measures on any island in the Atoll except ALICE, BELLE, CLARA,

DAISY, IRENE, JAUT, and YVONNE.

Fishing be permitted anywhere.

Travel be unrestricted to all islands except YVOhWE. When the

Pu contamination on YVONNE is removed, the restriction of travel

to that island can be lifted.

Wild birds and bird’s eggs be collected anywhere.

Coconut crabs be collected only on the southern islands (ALVIN-KEITH).

Wells which are intended to provide lens water for human consumption

or for agricultural use be drilled only on the southern islands

(ALVIN-K3TTH). When drilled, water from each well should be checked

for bacteria, salinity, and radioactivity content before the well is

approved for use. POE ARCHIV=
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3.

4.

5.

It is recognized that the people of Enjebi have a strong desire to

return to live on that island. The isl&d contains three ground zero

locations from nuclear tests and was within about 3 miles of the

Mike event that had a total yield of about 10 Megatons. According to

the survey results presented in Nv-140, Enjebi was the most heavily

contaminated of the larger islands in the Atoll. The Task Group has

been unable to determine any way in which radiation exposures can be

brought within the acceptable criteria, that is both reliable and

feasible, in order to resettle Enjebi at the same time as islands

in the south of the Atoll. It is reasonable to expect that one day

the island can be resettled. There appear to be two possible approaches:

a. Soil removal followed by studies with test plantings to determine
.

whether exposure for Enjebi residents would be within acceptable

criteria.

b. Conduct of studies using test plantings to determine when exposures

would be within acceptable criteria but no soil removed.

In either case, housing construction and planting of subsistence and

commercial crops would be deferred until research with test plantings

showed acceptably low levels of radioactivity. The Task Group

recommends the second approach as one,having minimal adverse impact

on the island environment.

The research program in 3 above should also include a

determination of radioactivity levels in coconut and other food crops

produced on PEARL, CLAM, ALICE, and BELLE. YVONNE should also

be included after removal of plutonium contaminated soil.

All

the

radioactive scrap metal and cont~inated debris identified during

Holmes and Narver Engineering Survey should be removed. If

-26-
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additional contaminated debris is discovered in the course of cleanup

and rehabilitation operations, it too should be removed. Specifically

included in this recommendation are the three locations-on SALLY and

one on ELMER where contaminated debris is known to be buried. This

debris should be exhumed and removed.

6. The quarantine of YVONNE, put into effect by the Air Force on

my 26, 1972, should be continued in effect.until the cleanup of

plutonium contamination on that island has been complewd. Should

any Enewetak people return to the Atoll before cleanup is begun

or before completion, an authority responsible for enforcement

of the quarantine should be identified”and should be in residence

in the Atoll when people return.

7. The distribution of plutonium contamination on YVONNE is sufficiently

complex that specific recommendations for cleanuD cannot be presented.

It is expected that the true picture of this contamination will unfold

as the decontamination effort proceeds. The area observed to have

pieces of plutonium and the highest soil concentrations is the

interior and shoreline of the island beginning at a line drawn

from the ocean reef to lagoon 60 meters north of the tower (Hardtack

Station 1310) to CACTUS Crater. See Fig. 152, page 11-17, Appendix II.

Presented are some of the requirements and objectives that will

establish a background from which plans can be made for recovery of

plutonium on YVONNE.

a. A team of experts should be assembled who can make and interpret

field radiation and radioactivity measurements, advise on cleanup

actions envolving plutonium and other radionuclides, and provide

necessary health physics support including protection of workers,

decontamination of workers and equipment, and packaging and

-27- - DOE ARCHIVM



handling of collected contaminated materials. A Public Health

Service group, which is now part of the EnvironmentalProtection

Agency, EPA, provided radiological assistance for cleanup of

Bikini Atoll. Similar support should be sought from EPA for

Enewetak Cleanup.

b. Decontamination of YVONNE is seen as an iterative process, namely,

removal of soil, monitoring of radioactivity levels, and removal

of more soil. This amounts to a search for the higher plutonium

levels in soil with removal according to the guidance provided.

c. The objectives of the cleanup are two:

(1) Recovery of the pieces of plutonium that have been observed

.
on or near the island surface. Some contain

quantities of plutonium metal and are easily

tield survey instruments such as the FIDLER.

(2) Recovery of plutonium contaminated soil. To

milligram

detected with

a first

approximation, the location of the zones of higher Pu con-

centrations are shown in the survey profile samples.

d. Recovery of plutonium in soil at concentrations greater than 400

239,240
pci/g Pu at any depth these levels are found. The

justification is that plutonium at some depth may one day be at

the surface. Also, recovery of contaminated soil sufficient to

239,240PU
reduce surface levels to a value well below 40 pCi/g .

The justification is to keep air concentrations of resuspended

plutonium to levels well within national and international

standards. After soil removal, all areas should be resurveyed

to ensure,no pieces or hot spots of plutonium remain.

-28-
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8.

9.

i~.

Plutonium contaminated soil an IRENE should be handled the same as

on YVONNE and using the same general criteria for removal except it
.

is not expected that pieces of plutonium metal will be found.

Since it is recommended that replanting of food crops be limited

to certain islands, test plantings of pandanus, breadfruit, coconut,

and arrowroot should be made, as soon as growth can be assured, on

each of the islands indicated for such crops by the Enewetak people.

As edible parts of these plants become available, th”eirconcentrations

of 90Sr 137Cs 239,240
9 9 Pu and any other significant radionuclides

should be measured and compared with the radiological survey predictions.

These studies will provide for a determination to be made of the

earliest time at which planting of food and commercial crops can

be made on islands other than those listed in 2b. and 2c. above.

An unaergrouna iens water sampiing antianaiysis program snouicibe

conducted in which samples are taken over a period of at least 12

calendar months. Bacterial content, salinity, and radionuclide content

should be measured, but primary emphasis of the program should be

placed on development of an

operating - or which can be

half-life of
90
Sr and 137CS

understanding of processes which are

made to operate - to reduce the ecological

below the radioactive half-life on the

northern islands, especially JANET.

POE ARC~lVES
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11.

12.

13.

A comprehensive air sampling program should be conducted over a period

of 12 consecutive months under conditions closely approximating

human habitation and expected soil disturbance. This would add to

the body of available

This program could be

cleanup operations.

information on radioactivity levels in air.

conducted coincident with and in support of

Base-line surveys of body burdens and urine content of
137

Cs and

90
Sr should be made for the Enewetak people prior to return to

Enewetak Atoll, after the first year of residence, and as appropriate

thereafter. Resurveys of the environmental radiation and radioactivity

levels should be made starting in

repeated every other.year. To be

diet and the actual average daily

vnr+olls28P grnllp=fnr rnmpari~nn

the first year of return and

determined is the adequacy of the

dietary intake of radioactivity for

with batimnterl lpIralc and hmtr

radioactivity levels in water, air, soil, plants, and animals are

changing with time. (Included should be measurements of radionuclide

content of air and collection of information on the chemical and physical

form and size distribution of particles in the air containing
239

Pu.)

Information from such surveys will provide a continuing check of

the radiological status of the people and the environment and will

assure that the exposure criteria is not being approached or exceeded.

Considering that the method of disposal of plutonium contaminated soil

and scrap has not yet been decided, that not enough information is

available to determine whether it is feasible to remove plutonium from

the soil to reduce the amount of material requiring disposal, and not

wanting such problems to delay cleanup and rehabilitation of the

Atoll, the Task Group recommends the following: ~g~ ARC~~vm
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14.

15.

a.

b.

c.

As a minimum, cleanup should accomplish the recovery of

plutonium contaminated soil and scrap into storage on YVONNE..

The YVON?TEquarantine should remain in effect with access

controlled and all visitors and workers monitored as for a

radiation control zone.

If disposal is deferred for further study, such study should be

planned and conducted promptly.
●

The cleanup phase of rehabitation, i.e., removal and disposal of

contaminated scrap, debris, and soil, should be carefully documented

in a comprehensive final report from those conducting the cleanup

operation.

The planning

for cleanup,

advantage taken

opportunity for

should be given

and conduct of cleanup, including radiological support

should be similar to cleanup of Bikini Atoll and

of that experience. As Bikini people were given

employment during cleanup, an equal opportunity

Enek-etakpeople if they desire.

POE ARCHIV-
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TABLE 1. 30 Year Integral Whole Body Dose (Rem)

Living
Pattern

A

B

c

D

E

F

I

Current Condition
(no corrective
action)

1.0

4.4

5.7

11

14 “

31

II

Gravel Village
ties - Plow
Villege Island

1.0

4.4

4.4

8.9

13

24

111

Impo~t
Pandanus and
Breadfruit

1.0

2.2

2.7

4.4

6.6

1.1.3

Iv
Impo~andanus,
Breadfruit,
Coconut, and
Tacca

1.0

1.9

2.4

3*7

5.7

9.1

v
Impc=andanus,
Breadfruit,
Coccnat7 Tacca,
and Meat

1.0

1.3

1.8

1.9

3.3

3.5

.

Living Pattern Villzge Island A@cultllz”e Visitation

!3 \ t---— 1- .--— .-.-—-

A \AJ FFiFi-u/LL1l’mn/ lJJivl.-u *VUY Limwgh rm~~)n Soutnern

B (2) FRED/ELl@DAV ID ICITE through WILMA Northern
plus LeRoy

c (5) J#JiE’T KATE through WIL~A Nmthern
plus LeRoy

D (3) JANET JANET Northern

E (~) JANET ALICE through IRENE Northern

F (4) BELLE BELLE Northern

.
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Living
Pattern

A

B

c

D

E

F

I

Current Con*ition
(::t;:;ective

3.8 “

35

37

80

135 ‘

II

Gravel Village
Area - Plow
Village Island

3.8

35

35

78

134

213

.

III

Import
Pandanus and
Breadfruit

3.8

IL.5

12

23

38

61

Iv

Impor~andanus,
Breadfruit,
Coconut and
Tacca

3.8

9.1

9.6

18

27

43

v
Impo&Pandanus,
Breadfruit,
Coconut, ?~cca
and Meat

3.8

4.1

4.6

4.7

6.3

DOE ARCHIV=
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iving
attern

A

B

c

D

E

F

TABLE 3. I.laximum Annual Whole Body Dose (Rem)

I

Current Condition
(no corrective

action)

*
II III Iv

Import Import
Gravel Village Pandanus” Pandanus,
Area - plow and Breadfruit,
Village Island Breadfruit Coconut.Tacca

o.039/o.039*’k

0.234/0.236

0.237/0.241

0.540/0.542

0.749/0.761

1.56/1.55

0.039/0.039 0.039/0.039

0.125/0.128 0.091/0.122

0.128/0.133 0.093/0.127

0.245/0.252 0.146/0.187

0.350/0.367 o.2L6/o.328

0.662/0.663 o.357/o.4’75

v

Import Pandanus,
Breadfruit,
Coconut, Tacca,
and Meat

0.039/0.039

0.090/0.083

0.089/0.094

0.087/0.097

0.182/0.211

0.192/0.191

POEARCHIVES

*values not significantlydifferentfrom Column I
b

**
Child/Adult - hcth starting Jan. 1974.
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Living
Pattern

A

B

c

D

E

F

I

TABLE 4. Maximum Annual Bcne Marrow Dose (Rem)

●

*
II III Iv

Import Import

Current Condition Gravel Village Pandarlus Pandanus,

(no corrective Area - Plow and Breadfruit,

“action) Village Island Breadfruit Coconut,Tacca

0.047/0.045+’) 0.047/0.045 “0.047/0.045

0.314/0.294 0.148/0.149 0.122/0.130”

0.317/0.300 0.151/0.178 0.121/0.135,

0.718/0.677 0,293/0.294 0,168/0.204

1.06/0.989 0.428/0.437 0.253/0.354

2.08/1.92 0.786/0.774 o+415/o.516

v

Import Pandanus,
Breedfrui.t,
Coconut, Tacca,
and ?teet

ooo47/o.c45

0.097/0.091

0.096/0.096

0.C9=4J0.094

0.184/0.213

0.199/’0.193

DOE ARCHIVES

.

*Values not significantlydifferentfrom Column I. ~
.,,
“-*Child/Adult - both starting Jan. 19’74.
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TABLE 5. m Sr Profile Sample Data on JANET

Depth to Reduce ~
profile Sample Act. bY Factor Sr Act. in
Number - of lG Top 2 cm Top 15 cm

100

135

136

137

1%

139

lio

141

142

143

144

145

147

901

(cm)

‘7

56

> 100

15

9

12

66

12

60

> 100

76

18

25

25

Av . 42 cm

(pCi/gm)

360 150

18 10

14 17

34 16

100 28

410 220

. 54 95

100 39

90 95 ‘

21 31

50 46

27 26

87 200

110 185

105.4 82.7

Mean 90Sr concentration in top 15 cm samples:

JANET: 44 pCi/gm

Southern islands:

DAV~, ELMER, FRED: 0.41 pCi/gm

wSr Act.
Below 100 cm

Max. (pCi/gm)

11 (50 cm)

1.3 (100 cm)

3.6 (MO cm)

2.1 (130 cm)

1.3 (150 cm)

5.4 (150 cm)

4.8 (115 cm)

4.8 (135 cm)

46 (120 cm)

13 (100 cm)

2.4 (100 cm)

0.7 (100 cm)

0.6 (160 cm)

8.5 (4Q cm)

‘Av. n

1“

3.6

0.4

0.4

0.9

2.

2.5

10.5

13

1

0.3

0.3

.-

7*1* 3.0 “

*(No. 100 and No. 91
excluded)

IX)E ARCHIVES

All others except

LEROY: 0.52 pCi/gm
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Profile No.

100 *

135 *

136 *

137

138

139

140 *

141 *

142

143*

&Q 144
I

145

14”(

xi

o-2—

Y50

18

17

34

100

410

54

100

90

21

27

’27

87

110’

2-J

220

1.6

10

17

26

460

6

78

95

26

43

22

35

200

5-1o

75

‘1

17

8.5

14

160

18

18

120

42

51

27

24

230

Table6. ‘Sr Concentrations(pCi/um)inProfileSnmpleaTakenonJANET

15- 25- 35-
10-15 25—— zg-

21 12 12 11

8 5.5 5 5.2

20 50

4.6 2.7 1.6 1.6

8 4.8 2.4 2.2

TO 28 ~d 26

17 14 15 10

8 5.4 5.2 5.2

llo 78

26 50( 68 26

49 21 13 9

27 3.4 0.3 0.45

50 19 5.8 1.5

160 40 2.4 8.6

11

3

6.4

0.85

2.6

9.3

15

4.6

14

25

6.8

0.3

0.55

Wmple Deptl] (m)—

b5-
2;- 75 l:-—— ti-

8.2

1.3 1.3 1.5

5.3 5 . 3.3

0.78 0.68 o.z8

3.2 2.1 1.4

0.9 1.0 0.3

10 3.5 2.3

3.2 2.8 2.3

12 8.2 7. ~

21 3.7 11

6.8 5.8 5.i

0.3 0.31 O.j

0.55 0.4 o.~

1.3 1.3 1.0 0.85

5.3 3.7

7.8 0.43 0.5 0.4

0.9 0.47 ().420.3

0.23 0.85 0.8 0.47

1.7 1.1 0.93 0.8

3.0 2.6 2.4 2.3
●

5.6 4.8 4.1 46

11 p,5

4.0 2.9 2.0 1.6

0.43 0.74 0.27 0.26

0.26 o.zn 0.27 0.29

125-
%

0.4

0.3

3.8

1.8

22

1.5

0.33

0.3

155. 145-
145 155—.

2.1 0.43

0.32 1.3

0.31 5.4

4.9 1.5

4.3 3.5

1.2 0.86

0.29 0,31

0.18 0.22

155-
165

0.35

0.31

1.2

3.5

0.62

0.26

0.63

165-
175—

0.41

0.45

1.5

2.9

0.54

0.31

0.46

.’

1’75-
le5—

0.25

0.45

2.7

0.67

0.31

0.42

.’\’J.cO~pOS itC? ln~.g 90 58 40 23.8 13.7 8.9 7.6 5.6 ?.9 J.I 3.5 2.7 1.3 5.3 3.8 1.7 1.7 0.95 0.94 0.8

‘(,/subslstel)ce
;;ric[)lt.t]reAICA
(-~rol-~l.es]8(J 5Q.3 29.5 16.722.821. 11.5 N.8 8.2 3.3 4.* 4.5 4.4 1.4 1.3 3.5 4.9 1.5



~

Frofilc No.

lf?o * 210

135 * 5.7

136 * 6

137 XL

138 22

139 110

lQ * 43

141 * 50

142 100

& 143u 6.I
m
I 144 14,

145 19

14: 3.5

901 5.1

2-5

G4

7.7

4.8

16

19

80

15

23

63

5

18

Table7. 137CuConcentrations(~~~ inProfileS*mplee Tnken on JAN.’.?.

-—--.-l -5omplQ L~.op’.lI(cm

lo- 15- 25- 3!3- 45- 55- 65- 85- 95- 1o5- 115- 125- 135- 145-
5-1o 15 ~~~ z k E ;- % 105 115 125 135 ~ ~—— -— ——

23

2.8

6

11

21

50

4

2.1

42

5.2

14

3.1

J*2

4.5

5.2

15

?0

13

9.35

49

7

g

0.7

1.6

6.5

0.86

5.1

13

2.3

0.23

53

6.1

12

0.44

0.9

6.5

0.9

1.1

7

1

0.15

26

t;

15

0.44

0.66

2.7

0,25

0.63

1.9

1.1

0.12

1.5

5

3.1

0.27 0.22

0.14 0.29

1.3 0.85

0.21 0.23

0.23 0.37

0.5 0.63

1.5 1.5

0.0850.082

0.72 0.45

4.7 2.9

3.1 1.6’

0.027

0.78 “

0.19

0.16

0.45

0.42

0.066

0.23

0.1

1.3

0.037

1.3

0.13

0.1)

0.5

0.35

0;072

0.24

0.2L

1.0

0.082 0.072

0.47 0.19

0.015 0.008

0.19 0.15

O.J 0.27

0.38 0.35

0.071 0.029

0.2’/ 0.35

0.37 0.93

1.0 .0.77

0.0>9

0.03

0.063

0.36

0.21

0.06

0.29

0.64

0.026

0.01 0.1 0.058 0.037

0.03 - 0.035 0.1

0.23 0.18 0.35 l.’l

0.19 0.73

0.15 0.08 0.24 0.25

0.18 0.17 0.15 0.34

0.5 0.57 0.78 0.4

8 9*7 5.5 0.8 0.7 0.6 0.24 0.17 0.083 0.024 0.026 0.026 0.023 0.021 0.017 0.023 0.02

Z9 18 16 2.9 2.6 0.85 0.4 0,6 o,3~ 0.29 0.12 0.11 0.017 0.022 0.018 0.04 0.017
.

7 8.5 6.1 1.6 0.32 0.45

155- 165- -’17:-
165 175 185—— —

O*O1 0.01 0.03

0.09 0.04 0.08

0.55 0.42

0.39 0.53 0.52

0.38 0.6 0.6

“0.04 0.009 0.01

0.009 0.007 0.008

Av. Compo81te4J.2 25.0 15.5 Ill 7.62 4.9 l.~fl 1.03 0.76 6.34 0.:,7 0.27 0.27 0.L7 0.14 0.23 0.021 0.36 0.21 0.23 C.?l

Av.Suh[,j9tencfi
Agrlcultwe 53.5 19.9 7.2 5.2 2.9 2.5 1.67 l.j~ 0.97 ~. :fj 0.:19 0.27 0.31 0. 1(;

_—



Table 8. Concentrations of 9 Sr and ’37 Cs in each 15 cm increment below
the surfzce far the “Aw. -age py~f’i~e ~~~~~est’

JANET \

%& 137@

90Sr cone.
.Av~pC!l/gm)

67.7

“Av. 137CS cone.
(pci/gm)

1
Depth
cm

0-15
.

15-30

30.45.

45-60

60-75

75-90
90-105

Ratio to
top 15 cm

1.0

1

Ratio

Ratio to
top 15 cm

-L

Ratio

19.61*O 1.0 1.0

6.26

3.63

1.11

0.464

0.277

0.249

0.30

0.15

0.094

0.059

0.042

0.035

3=3

6.7

10.6

17.1

24.0

28.9

0.311

0.164

0.055

0.023

0.014

0.0124

3.22

6.09

18.1

43.3

72.6

80.5

20.2

10.2

6.36

3.96

2.82

2.34

.

PEARL

0-15 12.4 1.0 1.0

15-30 . 3.4 0.276 3.6

30-45 1.1 0.088 1~.k

ALICE

0-15 36 1.0 1.0

15-30 24.5 0.68 i.47

30-45 16.6 0.46 2.16

45-60 11.2 0.31 3.19

0-15

15-30

30-45

45-60

48 1.0

0.202

1.0

9.7 4.94

24.52.0 0.041

0.4 0.008 122

CIARA

0-15 26 1.0 1.0
.

15-30 6.5 0.25 4.0

30-45 1.6 0.063 .16

45-60 0.42 0.016 64

DOE ARCHIVES
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Tabel 9. Eff’ect of isoilremoval on 30 year integral bone dose on JANEl!, case DI, Table 2. ‘

90~r ~onc soil
Soil Removal Action

(pci/gm)
Volume

(15 cm aver.) —

. D1 AV. for JANET

Current condition 44

DI-lSubsistance
Agric. area 31

DI-2

@I-3a

DI-3b

DI-3C

D1-3d

Remove 4.5 cm in
Residential area 31

Remove 15 cm in 9.4
Subsistence Agric.Area

Remove 30 cm 4.6

Remove 45 cm 2.9

Remove 60 cm 1.8
~

M
g

o

0

3 .2xldm3

1.5x104m3

3. oklo4

4 ● 5X104

6. 0xlo4

Bone Dose (Ren) Due To
Total Av. Est. y

Pandanus Co2onut
Breadfruit Tacca——

55*5 5.8

39.1 $.8

39.1 4.8

U. 8 :1.5.

5.8 007

3.7 ().4

2.3 ().3

13.2 75 40 wR/hr 4.0

9.3 53.2 28 3.3

52.8 2.8

2.7 16 2.2

1.3 7.8 2.1

0.8 4.9 2.0

.

0.5 3.1 2,0

Marine

0.84

0.84

0.84

0.84

0.84

0.84

0.84

. I

TUTAL

80

57’

56.4

19.0

. 10.7 ,

7.7

5.9.___—-



.

.
Table 10. Soil removal actions to reduce\

137CS concentrations in copra

Mean current

137CS cone. in
Island soil (pCi/gm in
Comm. Agr. 15 cm samples)

Area

.
JANET 16 “ 6.9x105 m2

OLIVE 7.65 1.1xlo5

PEARL X2.4 1 ● 5X105

SALLY 3.Q -

TILDA 4.2

URSULA 1.7

Vm 2.0

Soil to be removed to
achieve:
10.4 pCi/gm

Thickness Voluze

h *104 M3
6cm .

0

2 cm 0.30X104

o

0

0

o“

5.2 Pci/~m

Thickness Volume

14 cm 9.7x104 m3

o ~5a04 m35cm .

10 cm 1 ● 5X104

o

0

0

0

Food Gathering and Plcnicing

ALICE 56 9.3x104 m2

BELLE 48 18.6

CLARA 26 1.9

DAISY 11 5.6

IRENE 3.2 -

KATE 13.1 7.4

LUCY 11 9.8

MARY 9*9 5.6

NANCY 12 8.4

WILMA 1.3

47 cm

14

10

0

0

3 cm

o

0

2 Cn

o

4 ~104 m3
.

* Gx~04 ~5
.

0 ● 19X104

b

o. 2alo4

o.17xlc4

.

74 cm

21 cm

17 cm

9 cm

o

12 cm

9 cm

8 cm

XL cm

o

6.9x1G4 m3

3.9X104

o.32xlo4

0. 5X104

0.WM104

0.89x104

0.45X104

o. 92X104

DOE ARCHIVES
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Table 11. Population Dose Estimates for Various Cleanup
and Rehabilitation Options on Enewetak Atoll.

.

~ yr whole 30 yr integral Max annual whole Max annual dose to
bone dose (Rem) body dose (Rem)body dose (Rem) - red bone marrc’~ (Rem)

OPTION

)I a

b
. .

1
II a

b

c“

d

e

1

III a

b

c

d

e

f

IVa

}

b

c

d

e

}

Va

b

c

d

<
= 1.0

1.0 “

2.2

5.6

3.6

1.6

$3.8 $ (o&039/o.039)* : ‘(o.047/o.045)*

3.8 0.039/0.039 0.047/0.045

11.5

23

13

U

0.125/0.128 0.148/0.149

0.245/0.252 0.293/0.294

0.16/ 0.16 0.17/ 0.17

0.07/ 0.07 0.14/ 0.14

(same as IV e)

DOEARCHIVES

*(Child/Adult)

—.
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Appendix I

Enewetak Radiological Survey Report ‘
.

Abstract

The AEC has conducteda survey of

thetotalradiologicalenvironmentofEne -

wetak Atollinorder toprovidedatafor

judgments as towhether or notallor any

partoftheAtollcan be safelyreinhabited.

More than4500 samples from allpartsof

themarine, terrestrial,and atmospheric

components oftheAtollenvironmentwere

analyzedby instrumentaland radiochemi-

calmethods. lnaddition,an aerialsur-

vey forgamma-radiation levelswas con-

ductedover alllandareas.
90~r

s 137CS, 60Co, and 239Pu are the

predominant radioactiveisotopesnow

present,buttheirdistributionisfar“from

uniform. Islandson thesouthernhalfof

theAtollfrom ALVIN toKEITH have lev-

elsof contaminationcomparable toor

lessthanthosedue toworld-wide fallout

inthe UnitedStates. On thenorthern

half,islandsALICE t~IRENE are most

heavilycontaminated,KATE toWILMA

are leastcontaminated,and JANET isat

an intermediatelevel.

These radiologicaldatahave been com-

binedwiththebest informationcurrently

availableon theexpecteddietoftheEne -

wetak peopletoestimatepotentialwho!e-

body and bone doses to the population for

six living patterns at 5-, 10-, 30-, and

70-yr intervals after return. Thirty-

year integral dose estimates for unmodi-

fied (i. e., current) conditions are shown

in Table A.

Table A. The 30-yr integraldose forsixlivingpatterns,assuming unmodifiedcondi-
tions.

30-yearintegraldose,rem
Unmodifiedconditions

External
Living Inhalation Bone, Terrestrial Marine Total
pattern Bone Lung Ll}’er W. B. . . Bone . . Bone . . Bone

I 7(-4) 9(-4) 4(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

II 0.029 0.036 0.016 1.6 2.7 33 0.053 0.84 4.4 35

111 0.10 0.13 0.056 4.0 6.1 75 0.053 0.84 11 80

Iv 0.47 0.59 0.24 10 21 210 0.053 0.84 31 ~~o

v 0.11 0.13 0.058 2.9 2.7 33 0.053 0.84 5.7 37

VI 0.090 0.11 0.049 4.4 9.6 130 0.053 0.84 14 135

Living
- Villageisland Agricult~re Visitation

I FRED/ELMER/DAVID ALVIN throughKEITH Southernislands

H FRED/ ELhlER/DAVID KATE throughWILhlA Northernislands
plusLEROY

111 JANET JANET . Northernislands
Iv BELLE BELLE Northernis!ands

v JANET KATE throughIVILNIA
plusLEROY Northernislands

VI JANET ALICE throughlREIiE Northernislands

I-1 DOE ARCHIVES
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The main contributiontothepopulation ratherthangrow them locally,theex-

dose comes throughtheterrestrialfood petted30-yr bone dose would be reduced

pathway, followedindecreasingorder of from 80 to 25 rem and the whb]e-body

significance by the external gamma dose, dose from 11 to 6.5 rem. Similar results

marine, and inhalationpathways. Inthe would be obtainedifuncontaminatedsoil

terrestrialfoodpathway, themain con- were imported toJAhTET fortheestab-

tributiontobothwhole-bodyand bone lishment of these plants. Attempts to

dose is due to pandanus and breadfruit. obtain the same results by removal of

Percentage contributions to the 3Cl- yr 90Sr- and 137Cs-contaminated soil from

integral dose for each of the terrestrial JANET would require denuding of the

fooditems fora populationengaged in entireislandbecause oftherelatively

agricultureon JANET are shown in uniform distributionoftheseisotopes

Table B. over thelandsurface.

Correctiveactionsto reduce popula- Significantreductionoftheexternal

tiondoses willbe most beneficialifthey gamma dose may be achievedby placing

are directedattheprimary contributors, a 2-in.layerofcleangravelinthevil-

i.e.,pandanus and breadfruitinthediet lagearea’sand by plowingtheagricultural

and externalgamma dose intheresidence areas. On JANET, forexample, use of

areas. Sinceneitherpandanus nor bread- theseprocedures reduces theexpected

frl]it are now growing? on the Atoll in suf - 30-vr external dose from 4.0 to 1.7 rem.

ficient amounts to provide a significant Thus, from Table A it is clear that a

dietarycomponent, controlofthelocation very broad range ofpopulationdoses may

and manner inwhich theyare reestab- be expected,dependingon villageisland,

‘lishedwillhave a directinfluenceon the agriculturalisland,and l:vingpattern.lt

populationdoses from thesefruits.If isequallyclearthatsubstantialreduc-

theirgrowth were limitedtothe southern tionsofthehigherdoses can be achieved

islands,forexample, and thepopulation throughrelativelysimple modificationof

livingon JANET were toimport them theagriculturalpracticesand ofthesoil.

Table B. Percentage oftotal30-yr ter-
restrialfooddose toa popula-
tionengaged inagricultureon
JANET. .

Table C summarizes the reduction that

could be expected from these actions for

a population living on JANET.

. The islandofYVONNE presentsa

9
OSr dose

1
37CS dose

unique hazard on Enewetak Atoll. Pure

to bone, to whole body,
Food % %

plutoniumparticlesare presenton or

closetotheground surface,randomly
Domestic meat 17

Pandanusfruit 40
Breadfruit 34
Wildbirds 0.005

26

35

29

0.003

scattered in “hot spots” over most of the

area from thetower to CACTUS crater.

Examinationofthese“hotspots”has

Birdeggs 0.05 0.002 revealedthepresence ofoccasional

Arrowroot 2 0.3 milligram-sizepieces of plutonium metal,
Coconut meat 6 9 as well as smaller pieces which are phys -
Coconut milk 0.9 1

icallyindistinguishableinsizefrom the

.I-2
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surrounding coral matrix. Given these

current conditions, it must be assumed

that pure plutonium partic Ies of respira-

ble size are now also present on the sur-

face or may be present in the future as

weathering effects oxidize and break

down the larger particles. Lung dose

assessments for this area, therefore,

must be based on inhalation of pure plu-

tonium particles rather than those hav-

ing the average plutonium contentof the

soil.

The potentialhealthhazard viathe

inhalationpathway issufficientlygreatto

dictatetwo basicalternativesforreme-

dialactionforthisisland:(1)Make the

entire island an exclusion area—off lim-

its to all people, or (2) conduct a ~’leanup

campaign which will eliminate the “hot-

spot” plutonium problem &d remove

whatever amount of soil is necessary to

reduce the soil plutonium concentration

to a level comparable to other northern

islands. As an indication of the volumes

of soil involved, removal of a 10-cm

thicklayeroftopsoilinthearea inwhich

“hotspots”have been detectedinvolves

approximately17,000m3 ~fmaterial.

Further removal of soilto reducethe

maximum plutoniumcontaminationlevels

to 50 pCi/gor lessinvolvesan additional

25,000rn3ofmaterial.

Table C. 30-yr integral doses from all pathways compared to U. S. external back-
gro~nd dose.

30-yr integral dose, rema

‘w-lillivdi~ied auii caae ;viuAi Lied aui; cd. ac”

Location iv. B. Bone W.B. Bone

Enewetak Atoll living
pattern III (JANET-
current conditions) 11 80 8.9 78

Enewetak Atoll living
pattern 111 (JANET-
pandanus and bread-
fruit imported) 6.5 25 4.2 , 23

Enewetak Atoll li~ring
pattern 111 (JANET-
all agriculture con-
fined to southern
islands) - 4.2 7.0 1.9 4.7

Enewetak Atoll living
pattern I (southern
islands) 1.0 3.8 1.0 3.8

U. S. background onlyc 3.0 3.0 3.0 3.0

aSum of all pathways for the Enewetak living patterns (i. e., external, inhalation,
marine, and terrestrial).

bSoil modified by placing 2
agricultural area.

cBased upon background of

in. of clean gravel in the village area and plowing the

100 mrem,’yr at sea level.

I-3 .



Appendix II

Enewetak Radiological Survey Report

Summary of Findings Chapter
W. Nervik, Lawrence Livermore Laboratory, Livermore, California

●

INTRODUCTION

Ithas been the purpose of this survey

to gain a sufficient understanding of the

total radiological environment of Enewetak

Atoll to permit judgments as to whether

or not all or any part of the .4to11 can

safely be reinhabited and, if so, what

preliminary steps toward cleanup should

be takenand what post-rehabilitationcon-

straints must be imposed.

Enewetak Atoll has an extremely

broad range of radiological conditions in

a small land mass. To gain an under-

standing of the details of this range of

conditions, it has been necessary to obtain

and analyze a very large number of sam-

ples “from all components of the environ-

ment. To gainan equivalentunderstand-

ingofthe implicationsofthisrange of

conditichsforrehabilitationofthe

Enewetak people,ithas been necessary

topostulatepopulationdistributions,life

styles,and dietaryhabits– an endeavor

fraughtwithuncertaintiesunder thebest

ofcircu!nstances,butparticularlyso for

the current,rapidlychangingNlarshallese

culture.

This sectionisa summary ofthedata

obtainedfrom theSurvey, thepostulates

used, and thepopulationdose assessments

derivedfrom datapluspostulates.The

reader iscautionedagainstexpectingor

usinga “simple” descriptionofthe radio-

logicalconditionofEnewetak Atoll,be-

cause no singlevalueofany component of

theradiologicalconditionisapplicableto

the entireAtollwithoutbeingmisleading.

CURRENT RADIOLOGICAL CONDITION
OF THE ATOLL

External Gamma Radiation Levels

Three independent techniques were

used to measure external gamma radia-

tion levels on the Atoll:

●

●

●

LiF and CaF2 thermoluminescent

dosimeters (TLDsI were exposed

for 3+ months on seven of the

northern islands.

A measurement using a Baird-

Atomic survey instrument was

made at each soil-sampling loca-

tion on each island.

An aerial survey with NaI detectors
. ...1... -J ----- AL- --+ :-n

wail L“. ,”” L.L” “.L. . . . . . . . . . . .

surface area of every island.

All three techniques yield results
60C0which agree to within about 10mC.

and 137 CS contribute most of the total

external gamma radiation, with the

remainder due to small amounts of other

gamma emitters such as 125Sb, 15513J,

and 241 Am. The amount of
60

Co rela-

tive to 137 Cs varies throughout the -Atoll,

with a range of values from about 0.5 on

JANET to greater than 14 on JAhlES.

Average values for each isotope on each

island are given in Table 214. For ref-

erence, a map of the Atoll is shown in

Fig. 146.

Southern islands (SAI’VIto KEITH) are

characterized by low and more or less

uniformly distributed gamma-radiation

levels over the area cf each island. AS

exposure levels increase, exposure grad-

ients become severe,

11-1 -
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Table 214. Summary ofaverage exposure ratesforislandsinEnewetak Atoll.

Averageexposurerate,PR/hr at1ma

Xsland
TotalY

137CS 60co (O-3MeV) RanEeb

ALICE

BELLE

CLARA

DAISY

EDNA

IRENE

JANET
~TE

LUCY

PERCY

MARY

NANCY

OLIVE

PEARL

RUBY

SALLY

TILDA

URSULA
. . ..—
vtin~

WILMA

YVONNE

SAM

TOM

URIAH

VAN

ALVIN

BRUCE

CLYDE

DAVID

REX

ELMER

WALT

FRED

GLENN

HENRY

IRWIN

JAMES

KEITH

LEROY

42

61

20

6.8

2.8

14

25

11

6

2

5.5

6

6.5

12

2

3.5

4

3

L.o

1

5.6

<0.3 (0.20)

<0.3 (0.18)

<0.3 (0.06)

<0.3 (0.08)

N. D. (0.06)

0,4 (0.22)

<0.3 (0.04)

N. L). (0.21)

<0.3 (0.28)

N. D. (0.19)

~0.3 (0.08)

N. D. (0.14)

0.4 (0.33)

<0.3 (0.14)

cO.3 (0.08)

<0.3 (0.05)

<0.3 (0.15)

2.8

36

50

19

14.4

2.4

63

13

7,

7

2

4

5

4.5

45

12

3

2

1.8

1

22.4

~0.6 (0.11)

<0.6 (0.13)

<0.6 (0.43)

<0.6 (13.z5)

<0.6 {0.25)

0.8 (0.34)

<0.6 (0.11)

N. D. (0.10)

<o.6 (o.25)

N. D. (0.12)

<0.6 (0,10)

N. D. (0.12)

<0.6 (0.20)

<0.6 (0.20)

<0.6 (0.46)

2.8

<0.6 (0.49)

4.8

81

115

42

21.3

6

80

40

19

14

5

10

12

11

70

14

7

6

5

5

2

33

10.9

<0.9

<().9

<0.9

<().9

1.2

~o.9

<0.9

<0.9

<0.09

<0.9

<0.9

<0.9

<().9

<0.9

3.0

<0.9

7.6

4-170

5-200

5-1oo

5-140

5-8

3-560

2-150

3-22
●

1-20

2-11

2-12

1-50

1-15

1-400

1-42

3-110

2-11

1-7

i-o

1-3

1-750

0-1

0-1

0-1

0-1

0-1

0-1

0-1

0-5

0-1

0-2

0-1

0-1

0-1

0-1

0-1

0-5

0-2

3-a

. .

aAverage dose rates given are derived from aerial survey data. on islands where actlvlty
levels are at the lower limit of sensitivity of the aerial survey equipment, dose rates derived
from the soil sample data are given in parentheses.

DGE ARCHIVESb
As measured with the 13alrd-At[Jrnlr Instrument.
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Fig. 146. Islands (those circled) requested as village locations by the Enewetak people.

generally at or very near expected back- Radioactivity Levels in Enewetak

ground levels; the highest levels are
Soil

found in heavy vegetation at island centers Approximately 3000 samples of

.or near ground zero sites. “Average” Enewetak soil were analyzed by germani -

values for islands ~vith relatively high urn gatnma- spectroscopic (Ge Li) and

dose levels include a broad range of values wet-chemistry techniques to determine

for specific areas and should therefore be the disti’ibution of radioacti~’e species on

used with caution. islands in the Atoll. Samples were taken

DOE ARCHIVES11-3



on every island, but emphasis was given

to – and proportionately larger numbers

of samples taken on — those islands which

were known to have been sites for nuclear

testing activity or to have been subjected

to large amounts of fallout from such

act ivity.

Two typesofsoilsamples were taken

on each island:“surface”and “profile.”

At “surface”sampling locations,two
~

samples were taken– one a 30-cm6 X 15-

crn-deepcore, and the second a composite

oftwo 30-cm2 X 5-cm-deep cores. At
2

“profile”sampling locations,100-cm

samples were taken from the side wall

of a trench dug for the purpose. h’ominal

depth increments for the profile samples

were Oto2, 2 to 5, 5to 10, 10 to 15, 15

to 25, and 25 to 35 cm, and at 10-cm

increments to total depth. Total depth

]or prol Me samples varlea lrom Ja to

185 cm, depending on the distribution ex-

pected from the testing history of the

islandbeingsampled.

Ingeneral,thepredominant species

foundinthe soilsamples are 90Sr, 137CS,
239

PU, and ‘°CO. 4oK, ‘5 Fe, 10IRh,
102mRh 125sb 133Ba 134Cs 152EU

154~ \55Eu ‘207Bi \26Ra ~35U ‘
, , , , >

238
Pu, and 241 Am are also present in

some or all of the samples. As was the

case for externalgamma levels,small

amounts ofradioactivespecieson the

southernislands(SAM toKEITH) are

distributedmore or lessuniformlyover

the entirelandarea. On islandswhere

largeramounts ofactivityare present,

thehighestlevelsofallspeciesare found

at the island centers or in proximity to

ground-zero sites; usually related in a

directway tothevegetationdensityinthe

immediate area. As an example ofthe

kind of data obtained for each of the pre-

dominant isotopes on each of the islands,
90Sr values for 0-15 cm core samples on

JANET are plotted in Fig. 1~~.

Table 215 presents geometric mean

values and ranges for the four predominant

radionuclides on islands from ALICE

through WILhlA. On islands ~vhere there

are significant differences in activity

levels between densely and sparsely

vegetated areas, data for both are given.

Similar data for groups of s~uthern islands

are shown in Table 216.

“Profile” samples showed a wide range .

of activity distributions as a function of

depth on different parts of the Atoll. Ex-

amples of the types found are given in

Figs. 148-151. Although generalizations

in this area are not very meaningful,

Fig. 148 shows the profile distribution

normaliy louna on ~ne sou~nern lslanas.

Here the activity let’els are usually low

through the full range of depths sampled.

Some sampling locations show concentra-

tions decreasing somewhat from the sur-

face through the first 10 or 20 cm of soil.

Figure 149 shows the type of distribution

often found inland on islands subjected

to fallout but not to construction or other

ground-zero earthmoving activities – i. e.,

a rapid and fairly steady decrease of

activity levels from the surface to total

depth. Figure 150 shows the distribution

found on beaches and exposed areas on

these same islands – i. e., uniform or

slowly decreasing activity levels from

the surface to total depth. Figure 151

shows a distribution pattern found occasion-

ally on islands which have been the sites

for tests or have been subjected to con-

struction and earthmoving activities

(primarily IRENE, JANET, PEARL,

II-4 . DOE ARCHIVES
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Table 215. Enewetak soil data, “northern islands” (pCii’g in top 15 cm).

90Sr 137CS
239fi 60 co

Mean Range Mean Range Mean Range Mean Range
●

ALICE

BELLE

CLARA

DAISY

EDNA

IRENE

JANET

KATE

LUCY

MARY

NANCY

PERCY

OLIVE

PEARL

Dense

Sparse

Dense

Sparse

Dense

Sparse

Dense

Sparse

Hot spot

Remainder

RUBY

“ SALLY

TILDA Dens e

Sparse

URSULA

VERA

WILMA

Southern
YVONNE

80

123

44

65

190

32

46

30

44

67

11

32

29

36

13

22

4.5

62

17

12

8.4

27

8.7

6.8

6.3

3.3

1.7

Northern
Beaches 6.4

14-430

14-670

35-130

13-310

100-380

16-120

30-220

5.9-570

1.6-630

37-200

1.6-49

10-83

11-140

16-110

3.6-73

4.6-70

2.0-11

35-140

3.2-61

7.1-63

0.87-140

17-54

2.2-47

2.0-19

1.1-68

0.26-13

0.09-20

1.2-30

36

48

8.6

26

11

3.8

4.2

3.2

16

24

4.8

11

9.9

12

0.94

8.5

0.16

19

7.6

1.4

3.0

8.4

1.0

1.7

2.0

1.3

0.40

0.30

5.6-141 12

14-170 26

3.3-44 11

5.6-110 22

3.4-33 41

0.86- 9.0 J5

2.7-6.4 18

0.22-41 11

0.57-180 8.5

18-37 17

1.8-16 2.3

2.2-25 7,7

5.6-26 8.@

6.0-28 9.1

0.12-17 3.5

3.5-28 7.7

0.07-11 2.8

7.4-55 51

1.2-34 11

0.71- 7.2 7.3

0.03-30 4.3

3.5-20 7.6

0.04- 5.3 2.5

0.13- 7.8 1,3

0.03-12 2.5

0.31- 7.2 1.1

0.02- 3.6 3.2

0.03- 9.0 2.7

3.9-68 5.9

7.2-130 10

5.8-26 4.6

3.5-88 6.4

22-98 11

3.8-33 0.85

13-24 0.43

2.4-280 5.4.

0.08-170 1.9

8.6-50 2.7

0.17-14 0.46

2.4-22 1.5

2.0-35 1.5

2.3-28 1.6

1.5-23 0.47

2.2-30 1.5

1.9-4.1 0.11

15-530 12

0.85-100 4.1

3.0-24 0.93

0.21-130 0.54

1.4-17 1.2

1.1-34 0.37

0.26- 7.3 0.31

0.60-25 0.30

0.1-5.3 0.12

0.02-50 0.64

0.34-18 0.13

1.4-33

3.1-30

2.4-9.6

0.91-20

6.4-26

0.37- 7.4

0.33-0.63

0.12-5~0

0.02-33

1.6-5.8

0.03- 3.5

0.26- 3.8

0.74- 4.8

0.56- 5.3

0.08- 2.9

0.65- 4.1

0.05-0.31

3.6-70

0.49-49

0.29-16

0.05-69

0.61- 1.9

0.21- 1.7

0.05- 1.7

0.02- 2.2

0.01-0.7

0.01-20

0.03- 1.6

YVONNE - Because of the complex distribution cff activities on Northern YVONNE no
single mean value for an isotope can be used for the island as a whole with-
out being misleading. Readers should consult the YVONNE discussion in
this section and the detailed data in Appendix II for information pertinent to
their interests.

SALLY, and YVONNE). In these locations, bution” can be formulated which is

activitylevelsbelow ground levelare applicabletotheAtollas a whole.

significantlyhigherthanatthesurface. The landarea which has the most

Because oftheobserved varietyofprofile severelynonuniform distributionof

distributions, no “average vertical distr radioactivespecieson theAtollisthat

11-6 -
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Table 216. Enewetak soil data, southern islands (pCi/g in top 15 cm).

9oSr
137CS 239fi

6oco
?tfean Range Mean Range Mean Range Nlean Range

Group A
(DAVID,
ELMER,
FRED) 0.41 0,02-4.8 0.21 0.01-2.1 0.04 0.004-0.31 0.03 0.01-0.15

. Group B
(Allothers
except
LEROY)a 0.52 0.03-3.9 0.14 0.004-1.8 0.07 ‘0.004-1.1 0.06 0.007-63

Group C
(LEROY) 11 1.6-34 3.2 0.5-10 0.63 0.02-2.0 &58 0.04-5.0

aSAM, TOM, URIAH, VAN, ALVIN, BRUCE, CLYDE, REX, WALT, GLENN,
HENRY, IRWIN, JAMES and KEITH,

partofYVONNE which liesnorthofthe

tower (Sta.1310). This area includes .

thehighestexternalgamma levelsfound

on theAtoll,withlevelsof500-750 MR/hr

foundover a five-acresitejustsouthof

the CA CTI-S crater. lnaddition,pieces

ofplutoniummetal weighingas much as

severalmilligrams are randomly

scatteredon or near theground surface

over most ofthearea from CACTUS

crater toa linedrawn across the island,

about60 m northofthetower. Construc-

tionand earthmoving activitiesduringthe

testingperiod,forwhich we have no

reliablerecord,,served to redistributethe

radioactivityinsuch a way thatitis

essentiallyimpossibletogetan accurate, “

detailed,three-dimensionalsurvey of

radioactivespeciespresentinthisarea

now. Four hundred meters northofthe

tower, forabout100 m alongthe ocean-

sideembankment, forexample, there is

a visiblelayerofdark soilroughly20 cm

thick,10 to”20“cm belou’thesurface,

which containshighconcentrationsof

plutonium(3200pCi/g inone sample).

H-7

Inan effortto obtaina reasonable

estimate of the three-dimensional distri-

bution of radioactive material in this area,

45 profile locations (shown in Fig. 152)

were sampled to 150-cm depths. Plutoni-

um data for the profiles along the center

of the island, and across the island at the

position of the plutonium-bearing layer,

are shown in Figs. 153-156. Data from

all of the profile samples lead to the

following observations:

● There were no large plutonium

particles analyzed in any of these

samples since the maximum

specific activity found was ’800

pCi/g. “

● Except for the area in the general

vicinity of the exposed plutonium

layer,therewere few profile

sampling locationswhere plutonium

concentrationsexceeded 100 pCi,/g

at~ depth. Of thefourthatdid,

two had thehighconcentrationin

thetop 10 cm ofsoil. Profile

sampling locationswhere plutonium

concentrationsgreaterthan 100

I)OE ARCHIVES
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pCi/g were foundatany depthare

enclosedincross-hatchedareas in

Fig.152.

Thus itseems likely that soil bearing

high concentrations of plutonium – as

opposed to pieces of plutonium – is largely

limited to a band roughly 350 m wide

across the island, centered on the visible

plutonium soil layer. Within this band,

plutonium concentrations are greatest on

the ocean side, less on the lagoon side,

and least in the island center — a finding

consistent with historical data which in-

dicate that debris was bulldozed away

from the shot point toward both shore-

linesafterthe eventwhich produced these

plutoniumparticles.

Except forthisband across the island,

there isno evidencewhich indicatesthat

plutoniumparticleson or near the ground

bul”iaue iu Liie idl”ge~” dred -ailuwli in

Fig.152 are alsofoundatany significant

depthbelow thesurface. Because ofthe

discretenatureand random distribution

oftheseparticles,ofcourse, theonlyway

thattheirdistributioncouldbe further

establishedwould be by analysisofvery

largevolumes ofsoil.

RadioactivityLevels inEnewetak

“Approximately858 samples takenfrom

the Enewetak lagoonenvironmentwere

analyzedby germanium gamma-

spectroscopic(GeLi)and wet-chemistry

techniquesto determine thedistribution

of radioactivespeciesinthelagoon,in-

cluding345 sediment and bottom cores,

82 seawater and seawater filters,21 algae,

plankton,or coral,and 410 fishsamples.

Figure 157 shows the major sampling

locationsforthismarine program.

\
Analysis of the sediment’ and core

. 40K
samples indicates the presence of ,

60 Co, 90Sr, 10IRh, 102m Rh, 106Ru,

127Sb, “137@, 152Eu, 154Eu, 155Eu,

207Bi, 235U, 238Pu, 239’240Pu, and

241Am in some, but not necessarily all

of the samples. Each nuclide is non-

uniformly distributed over the lagoon

floor, with the highest levels generally

found in the northwest part of the lagoon,

2-3 km southeast of the islands ALICE

through IRENE; the next highest levels arc

found in the area southwest of YVONNE;

and the lowest levels are found south of a

line extending across the lagoon from the

Southwest Passage to TOM. Figure 158,

forexample, shows the distributionpat-

ternfor ‘OSr. Similarfig~reshave been

prepared foreach ofthepredominant

speciesfound.

ividllyui iile ruiiwiuciiuea iwnci LI1 Lile

marine sediment and core samples were

not detected in the water samples, in-

cluding 102mRh, lo%, 125Sb, 152Eu,

and 235U. In only 15 samples from the

northern part of the lagoon were 60co,

155Eu, 207Bi, and 24]Am detected.
137 ~s and 239,240

Pu were positively

identified in all samples. Table 217 gives

the mean’surface water concentration of

137CS and 239’240 Pu in the four quadrants

of the lagoon, in the ocean close to the

east side of the lagoon, and for several

areas in other parts of the world for

comparative purposes.

In the plankton samples, the most

abundant isotopes observed were 90Sr

(av 0.86 pCi/g, wet wt) and 207Bi

(0.83 p~i/g), followed in decreasing order

of abundance by 60Co (0.68 pCi/g),

23g’240Pu (0.39 pCi/g), 155Eu (0.24

pCi/g), 241Am (0.23 pCi/g), and 137CS

II-8 ME ARCHIVES
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(0.07 pCi/g). Comparison of these data lagoon with mean residence half-times

withsimilardatabbtainedin1964 indi- of3.3and 4.1yr, respectively,while
207

catesthat,inadditiontophysicaldecay, Ei appears tobe decreasingatapproxi-

60Co and 137Cs are beinglostfrom the mately itsradioacti~’edecay rate. 90Sr,
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239,240m 155EU and 241Am were not
, this survey were chosen for one or more,

reported in 1964.

Of the more than

Enewetak Atoll, the

of the following reasons: (1) They are

700 species of fish at commonly eaten by the Llarshallese; (~)

species selected for they are relatively abundant at most of the

II-1 9
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Fig. 157. Enewetak marine program sampling locations.

Dc)E ARCHIVU

collectionsites;(3)theyare representative detritusfeeder),convictsurgeon (a

“ofa feedinghabit;or (4)thereisprevious grazingherbivore),goatfish(abottom-

relevantradiometricinformationabout feedingcarnivore),and parrotfish(acoral

the species. The speciesofreeffishes eater).” The tunas,jacks,and dolphins–

selectedas beingrepresentativeoffeeding pelagic‘fish– and thesnappersand

habitsincludethe mullet(aplanktonand groupers– benthicfish– which were also
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Fig.158. Activitylevelsof
90Sr depositedinthe sediments ofEnewetak Lagoon.

137
collected are carnivores of high order in Table 217. Concentration of Cs and

239Pu in comparative, sur -
the food chain leadiflg to man.

The number and kind of marine organ-

isms collected at near-shore sites at

Enewetak Atoll and at Kwajalein Atoll,

where “control” samples were taken, are

shown in Table 218. Similar information

for the carnivorous fish is given in

Table 219.

40K 55Fe and 60Co were the pre-, ,

dominant radioactive nuclides found in all

fish, although ‘5Zn, 90Sr, 10IRh, 102mRh,

108mAg, 125Sb, 137CS,
152EU 155EU

*

207Bi, 23g’240Pu, and
241 ‘

Am were also

present in same or all samples.

face water samples.

Concentration,
fCi/liter

Location
137CS 235PU

Enewetak Lagoon
SE quadrant 226 9.1

NE quadrant 334 42.6

NW quadrant 579 33.4

SW quadrant 332 21.6

Ocean, east of Enewetak A~ol} 89 0.3

Lake Michigan (1971) 88 1.1

Humboldt Bay, Calif. (1973) 300

140N 180”W (1972) 143 0.44

120N 170”E (1972) 170 0.35

Windscale vicimty {1969) 105,000
DOE ARCHIV=

Mean surface, Atlantlc
O-31W (196S) 0.7
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Table 218. Number of organisms collected at Enew’etak Atoll and Kwajalein Atoll near-
shore sites, October to December 1972.

ICnewetak Atoll

GLESS-III:SRY

LEROY

FREII

1).AVII)

JIELLE

IRCSE

.IAS I:T
TILl).\- URSULA
Y\-oss E

- ~~ 11

- 50 9

0 -20

0 25

-50 3

2 3

- 50 3
-~j

II

10 -15

- 50
34

‘ 50

- 50
30

12

-40

- 30

- 55

2
3
9

12
1
0
1
~

10

10
1

2

3
s
o
3
3

G

1

3

-!

10

0

4

3

0

4

0
2
1
0
0
0
3
3

# 114

- Ioc 10!:

Approximate To!al -220 -100 -400 41 42 36 13 25 870

aThe number g)~cn IS tht, n,umbcr of collbc~ !on$ fro!m ., C],.(n =tl(,.
b Pencil urch]ns.

cTop snails.
d.>p]n} lobst<r.

Table 219. Number of carni~’orous fish collected from the Enewetak and K~vajalein off-
shc~re lagoon sites, October to December 1972.

Collection Yell Gwfin Organism
site tuna Skip]ack hIackerel I)u!phin Snapper Grouper t“lua Tot~l

Enewetak ~ 9 3 2 8 8 8 40

Kwajalein 3 1 2 6

Total 5 !0 3 2 0 10 8 46

Figures 159-161 show the average con-

centrations of predominant radionuclides

found in convict surgeon samples taken

at each of the collection sites around the

lagoon. Similar data were obtained from

the mullet, goat fish, and parrotfish

samples.

Average radionuclide content of light

muscle, dark muscle, and liver of skip-

jack collected in Enewetak lagoon are
55shown in Fig. 162. In general, Fe levels

in the large pelagic fish were higher than

levels found in other fish types, while

other nuclides were present at levels

comparable to or lo~ver than those found

in the reef fish. DOE ARCHIVES
of the-samples collected at Ktva~alcin,

40
K was present at normal background
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Figa 159. Average
40K 55Fe Go

c“ ““”:;;; :a’ge TO
convict surgeon from Enewetak

Atoll. Octob~r to D’ecember, K value is the mean for all con-

vict surgeon samples.

Table 220.Comparison of
60C0 and 207Bi inthevisceraofconvictsurgeon collected

in i964 and 1972.

6‘co inpCi/g, dry
20‘Bi inpCi/g, dry

Fraction Fraction

Island 1964 1972 remaining 1964 1972 remaining

BELLE 120 16 0.13 8.0 2.0 0.25

JANET 8.3 0.96 0.12 1.2 0.2 0.17

GLENN 19 3.3 0.17 2.6 0.7 0.27

LEROY 56 3.4 0.06 . 5.2 3.1 0.59

YVONNE 64 5.2 0.08 -

Average 0.1”1 . 0.32

DOE ARCHIVES
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Collection site

FRED HENRY

Fig. 160. Average 137CS, 155Eu, and 207 13i concentration in convict surgeon
Enewetak Atoll, October to December, 197”2. The 40K value is the
all convict surgeon samples.

levels (av 15 pCi/g). No 60 co, 207Bi,
or 155

Eu were observed, but 55 Fe, 137CS,
90Sr, and 239>240 Pu were found in some

or allof the samples, usually at levels

comparable to the lower values found at

Enewetak,

As with the plankton, compa risen of

data obtained from this survey with similar

data from samples taken in 1964 indicates

that, for some nuclides at least, there are

processes operatingto reduce concentra -

tions in the lagoon faster than is expected

from radioactive decay alone. Table 220,

for example, presents a comparison of

60Co and

periods.

for 60Co

LERCY

from
mean for

~(37
BI data for the two collection

The effective half-life of 2.7 yr

(radioactive decav half-life

5.24 yr) and 5.1 yr for
207Bi ~radioactive

decay half-life 30 yr) implies an effective

half-life in the ecosystem for both isotopes

of about 5-6 yr.

Of the marine invertebrates present at

Enewetak, tridacna clams, sea cucum-

bers, spiny lobster, and top snails were

collected and analyzed. In the tridacna,
60

Co was the most abundant radioisotope

found, and it was present in higher

amounts in the kidney than in the viscera,

DOE ARCHIVES
II-24
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Column legend
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Average ‘OSr and 239’240 Pu concentratloqnin convict surgeon from Enewetak
Atoll, October to December, 1972. The 4uK \alue is the mean for all con-
vict surgeon samples.

mantle, or muscle. Figures 163-165

present the average radionuclide concen-

trations of these tissues for the Enewetak

locations at which tridacna samples were

taken.

Radionuclide distributions for sea

cucumbers, spiny lobsters; and top snails

were similar to those found for the

tridacna, except that high concentrations

were not observed in the kidney.

Radioactivity Levels in Enewetak
Terrestrial ‘Eliota

The terrestrial biota survey had as its

objective the collection and analysis of all

available terrestrial vegetation and

animal species which could be used as a

basis for estimating population doses

through ”dietary pathways. Not all vege-

table and animal components of the

Eneuetakese diet are currently available

11-25 DOE ARCHIVES
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to December, 1972.
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DOE ARCHIVES

II-27



1

.
.

1

.

Column legend

~ 55
Fe - mantle Plus muscle

~ 55
Fe - viscera

.-
c *“Co - viscera 1

~Meon 40 K concentration

D 60Co - mantle plus muscle

“/

—.

—
.

——— f

J
.

4A:
G

1

L_;D $
“E

.

E
i

.

U
-T GLENF

Collection site

Fig. 164. Average
40K 55Fe and 60Co concentration in the viscera, mantle, and

muscle of T~idacna’ clams collected at Enewetak Atoll, October to
December, 1972. The 40K value is the mean of all Tridacna samples.

on the Atoll; of those that are, not all are

available on every island.

A total of 1103 specimens were col-

lected in the field as part of the terrestrial

biota survey, distributed as follows:

Soils 42

Plants 208

Birds 116

Eggs 217 ,

Rats 249

Crabs 271

Total 1103

The geographical distribution of

specimen collectionsitesis shown in

Fig. 166 and the types of edible sample

collected on each island are listed in

Table 221.

‘OSr and 137 Cs were observed in

essentially all of the plant, rat, and crab

samples and inmany ofthebird and egg

samples. 55Fe, 60Co, and 23g’240Pu

were observed less freciuentlv. and

isotopes ;uch as
207Bi - 152X ~d

# *

P151Sm were observed occasional .
GZ AllCHIV=
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I
Table 221. Terrestrialbiotasurvey. Edibleplantsand edibleanimals sampled.
—
Island Coconut Coconut Pandanus Pandanus Tacca Bird Coconut
No. island meat milk fruit leavesa corm Birds eggs crab Ratb

1. ALICE

2. BELLE

4. DAISY

9. IRENE

10. JANET

12. LUCY

14. MARY

15. NANCY

16. OLIVE

17. PEARL

19. SALLY

20. TILDA

21. URSULA

22. VERA

24. YVONNE

29. VAN

30. ALVIN

31. BRUCE

32. CLYDE

33. DAVID

34. REX

35. lZLNIER

37. FRED

38. GLENN

39. HENRY

40. IRWIN

41. JAhlES

42: KEITH

43. LEROY

x

x

x

x

x

x

x

x

x

x

x x

x

x

x

x

x

xx

x

x

x

x

x

x

x

xx

x

x

x

x

x

x x x

x

.

x

x

x
x

x
x x

xx x x x

x x

xx

x

x

x

x

x

x

x x

x

x

x

x

x

,
x

xx

x

x x

x x

aParldanus leaves are not eaten but serve as indicators for pandanus fruit.
b

Rats are not eaten but serve as indicators for poultry and swine.

POE ARCHIV=
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Fig. 166. Terrestrial biota program sampling locations.

DOE ARCHIVES

For a given sample type, the radio- Flg. 167 and it is apparent that concen-

nuclide content genera!ly corresponded trations are significantly higher cm the

with levels of soil contamination found northern islands (islands 1-24) than on

on the Atoll. Data for 90Sr and 137CS in those on the southern part of the Atoll.

coconut meat versus island sampling Since the main vegetation components

location, for example, are plotted in in the human diet (coconut, pandanus,

II-31
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?
tatistical correlation between
37CS in coconut meat and

13’7cs in Messerchmidia and

Scaevola.

and breadfruit) are not growing now on

all of the northern islands, the ubiquitous

Messerschmidia and Scaevola were

sampled Znd analyzed extensively with the

intent that they be used as “indicator

species” for estimating doses from the

edibleplantsshouldtheybecome avail-

able. The correspondence between
137

Cs activity in coconut meat and

Messerschmidia and/or Scaevola from the

same location is shown in Fig. 168.

To increase accuracy, dcse estimates

to the human population through the

terrestrial vegetation pathway should be

based on thegeographicaldistributionof

radionuclides. In order to do this, how’-

ever, a correlation between nuclide

content of vegetation and nuclide content

of soil must be established. As an ex -

ample of the correlations that ha~’e been

developed, data for
137

Cs in

Messerschmidia and Scaevola vs 137CS

insoilare shown inFig.169.

Similarly,dataobtainedfrom rats–

the onlymammals now foundon the-Atoll–

were found to correlate with the vegeta -

tionradionuclidelevels. For example,

correlationsfor ‘37Cs inratmuscle 1.

Messemchmidia lScae~701a are shown in

Fig. 170, and for g
o Sr in rat bone vs

Messerschmidia ~Scaevola are ShG-Wnin

Fig. 171.

Three classes of data obtained from

the terrestrial biota survey, therefore,

have been used to estimate potential

human doses through the terrestrial food

pathway:

● Jlata obtainedfrom the edible

organisms where theywere avail-

able. DOE ARCHIVES
● Data obtained from the correlation

between edible plants - indicator
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plants – soil and applied to the plant Radioactivity Levels in Enewetak Air

component of the diet. DOE ARCHIV~
● Data obtained from the correlation ~ total of 32 samples of airborne

between rats – indicator plants – Enewetak particulate debris have been

soil and applied to the meat com - analyzed to determine inhalation exposures

ponent of the diet. likely to be encountered by residents of
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Concentmtion in indicator Dlant —
pCi /g, dry ‘

Statistical correlation between
90Sr in rat bone and ‘“Sr in
Messerschmidia and Scaevola.

Samples were taken using the

followingthreetypesof equipment:

)

●

●

●

Ultra High -Volunie Air Sampler

(UHVS) – Used to sample large

volumes of air in short time inter-

vals. Typical samples were taken

at a rate of 2000 m3/hr for a con-

tinuous 24-hr period.

Low-Volume Air Sampler (VCS) –

Used to sample for extended periods.

Typical samples were taken at a

rate between 8 and 20 m3,fhr for a

continuous 7-day period.

Anderson Cascade ImDactors (ACI!–

Used to obtain data on the particle-

size distribution of airborne radio-

act ivity. These samplers operated

at a throughput rate of 34 m3 /hr,

sampled for 7- to 10-day periods,

and separated each sample into the

following particle-size ranges:

0.1-1.1, 1.1-2.0, 2.0-3.3, 3.3-7.0,

and ~7 pm.

I I m ❑ r+

~ 10,000 I 1
I I

3 A Messerschmidio
. 0 Scoevola

\m
1,000 - Q

Ga
Y=0.73X “ /4

I
/
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‘,/

$
/A

~
10

&80e
c.- ao
c
0 /’ Y=l .26X0” 783.-
~ 1.0 ~

v’
.—

●

Ew ,%%
vc
6 01[ / 1 I I I

0.1 1.0 10 100 1,000 1( 200 “

Concentration in indicator
plant — pCi\g, dry

Fig. 171. Statistical correlation betwgen
137CS in rat muscle and 13 ‘Cs
in IVIesserschrnidia and
Scaevola.

Air samples were taken on FRED,

DAVID, SALLY, JANET, and YVOXNE,

which are islands that include the full

range of airborne activity levels likely to

be found on the Atoll.

A number of radionuclides were cie -

tected in the surface air, including 7Be

(53 day), 40K (1.26 X 109 yr), 54 Mn

(303day),95Zr (65day),
-103

Ru (39.6

day),106Ru (1.0yr), 125Sb {2.7yr),

137Cs (30yr), 144Ce (285day),239Pu

(2.4 X 104 yr)~ 23*Pu (86 yr)~ and

241Am (458 yr). 7Be and 40K are

naturally occurring activities.
54

Mn,

95Zr, 103Ru, 106Ru, 125Sb, and 144Ce

are intermediate-life activation and

fission products found in current world-

wide fallout, but present in Enewetak

soils in only very reduced quantities due

to radioactive decay in the long interval

since testing ended. Longer-life 137CS,

XI-34 - DOE ARCHiVES
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Table 222. Comparison of radionuclides in surface air” (f Ci/m3) on Enewetak,

Livermore, California, and Balboa, Panama.

Remainder of Livermore, Balboa, Panama,
Enewetak Calif. . 9°N 79”W,

Nuclide YVONNE Atoll 1972- 1972-1973-

7Be

54Mn

95Z-r

103RU

125Sb

106RU

137c~

144Ce

239, 240~

238~

241Am

<49-193

<0,6- 2.1

<o.4-c).4a

~ 5.5-5. 5a

<0.27-0. 27a

<0. 9-2.6

<0.49-0.82

<2. 5-3.7

<0. 03-2.6

<0.04-0.13

<cl. 3-o. 30a

<6-116

<0. 14-4.0

0. 03-0.3

NDETb

?JDET

<0. 2-1.6

<0. 04-2.5

<0. 22-1.9

< 00001-0.025

<0.0; 28-0.008

NDET

90-250

0. 005-0,4

0. 29-3.4

0.04-0.23

0. 14-2.9

0. 63-3.2

0. 24-3.1

0.01-0.05

0.001-0.005

NDET

43-143C

<0. 9-8.5

0.09- 1.7

0.7-11.2

<0.001-0.030

<0.001-0.003

NDET

‘Detected only one sample,

bNot detected.

cOct. -Dec. 1972 range.

238PU, 23 ‘Pu, and
241

Am in air could be

from either local resuspension or from

worldwide fallout. A comparison of

activity levels at Enewetak with those ob-

served at Livermore, California, and

Balboa, Panama is shown in Table 222.

It appears that, with the exception of the

single sample on which 5.5 fCi/m3 of
103

Ru was observed, the only airborne

radionuclides present at levels consist-

ently higher than those at the other two

locations were the Pu-.Am species on

YVONNE, a result not too surprising,

considering the known soil contamination

levels on that island. ,

Of the 32 air samples, four were

taken in October 1972 before typhoon

Olga struck, and the remainder ~vere

taken between November 28 and December

19, 1972. Wind speeds were almost

always greater than 10 knots and ~ften

greater than 20 knots at all sampling

locations. In addition, frequent light

rain showers served to keep the ground

surface damp. Table 223 presents

climatological data which have been pub-

lished for Enewetak and Kwajalein. It is

apparent that December represents a

fairly average month as far as total rain-

fall and rainfall frequency are concerned,

while average windspeeds are higher than

those observed most of the year.

DOE ARCHIVES
Radioactive Scrap and Buried Debris

Holmes and Narver, Inc., as part of

the engineering survey they conducted
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Table 223. Climatological data for Kwajalein and Enewetak. a

Percentage of total time at each wind-speed interval

Jan Feb Mar Apr ~ ~&*C&t Nov Dec Av—— —.
Wind speed, knotsb

o-3 1 1 1 0 1 1 6 10 16 9 3 1 4.2

4-1o 15 12 22 20 27 27 49 60 59 63 42 20 34.7

11-21 68 80 70 75 69 70 44 29 24 28 53 70 56.7

22-33 15 7 7 5321110 294.4

. >33 1000000 000000

Prevailing wind

direction and NE NE NE NE NE NE E/NE ENENENENE --

frequencyb 86% 87% 81% 777’0 67% 64% 36’?7. 31% 2770 33qo 55% 74?0 ‘-
each ●

Yr. of
Precipitationc Yr record

Av. amount, in.
.—

1.02 1.84 1,86 1.28 4.57 3.37 6.45 6.81 6.24 9.09 6.30 2.63 51.46 30
Greatest amount, 1.95 10.21 7.33 3.86 8.38 7.03 15.35 14.41 13.17 18.07 17.38 9.18 69.86 13
ipa
Least amount, im 0.12 0.40 0.37 0.49 0.37 1.33 1.36 4.22 1.53 2.60 1.94 0.86 24.42 13
Mean number of
days, 0,01 in. or 11 10 13 13 16 16 21 21 2° 21 21 16 198 10

aU. S. Hydrographic Office, Sailing Directions for the Pacific Islands, H. O. Pub. No. 82,
Vol. 1, Second Edition (1964), upaatedto Dec. 5, 1970.

bWind data for Kwaialein.
CPrecipitation data for Enewetak.

forDNA, * estimatedthattherewere

approximately 7200 yd3 of contaminated

metal and concrete present on Enewetak

Atoll in December 1972. AEC radiation

monitors accompanied the H&N crews in

order to identify the radioactive material.

Table 224 shows the distribution of this

debris on islands where this ~pe of

survey was conducted. The amounts of

material listed should be taken only as

an approximate lower limit, particularly

on islands such as PEARL, where very

heavy underbrush prevented the survey

party from covering all parts of the

island. In addition, it is conceivable that

radioactive scrap material may be found

*
Engineering Study for a Cleanup Plan,

Enewetak Atoll- Marshall Islands,
Holmes and Narver, Repts. HN-1348.1
and HN-1348.2 (1973).

on the other northern islands (KATE,

LUCY, MARY, NANCY, OLIVE,

URSULA, VERA, and WILMA), even

though Gone of them contains ground-zero

sites, and neither the aerial radiological

survey nor the ground survey parties

detected this type of debris.

On the southern islands, there were

four locations where radioactive scrap

material was found:

II-36

On the north end of ELMER (in the

“C” level area of Fig. B.37.l.b in

Appendix II) there are several

pieces of scrap iron with activity

levels above local background.

In the central part of ELMER (the

large “E” level area of Fig.

B.39.l.b) a partially shielded 60co

source was found in a small storage

building. DOE ARCHIVES

.
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Table 224. Contaminated metal and concrete scrap on Enewetak Atoll.

Approximate scrap
Island quantities Remarks

ALICE 10 yd3 Background is up to 170 pR/hr. An M-boat
wreck on beach reads 8 mR/hr.

BELLE Small Background up to 250 pR/hr.
(< 10 yd3)

CLARA Small Background up to 100 pR/hr.
(< 10 yd3)

DAISY Small Background up to 140 pR/hr.
(< 10 yd3)

EDNA None Sandbar

lRENE Moderatea Up to 1.2 mr/hr,

JANET 568 yd3 Activated scrap metal in all sizes can be
found in piles or individual pieces scattered

. over the island at levels up to 8 mrihr.

PEARL 317 yd3 ConfinedtoSGZ area.Levelsupto 5 mr/hr.

RUBY 196 yd3

SALLY 2106 yd3 Scrap-metal activity levels up to 0.12 inr ‘hr.
Al ha levels on concrete surfaces up to

!10 dpm/50 cm2.

TILDA 1 yd3

YVONNE 4064 yd3 Activitylevelsup to 60 rnr/hr.

Total 7262 yd3

aReference does not identify volume.

In the south-central part of ELMER Because of the extremely low ambient

(the small “E” level area of radiation levels on the southern islands

Fig. B.39.l.b) there appears to be and the sensitivity of the aerial sw rvey

scrap metal or other radioactive equipment, we can be reasonably con-

debris on, or just below, the ground fident that we have found all material

surface in heavy underbrush. above ground with activity levels greater

On the north-central shore of than a few microroentgens per hour. On

GLENN (the “C” area of Fig. FRED,” for example, the highest radiation

B.48.1. b) there is a derelict barge level found (the “D” area in Fig. B.46.1. b)

which is contaminated with detect- proved t’o be coming from barrels of fly

able amounts of 207Bi. ash stored in a warehouse intended to be

II-37 DOE ARCHIVES



\
Table 225. Livins! patterns describing the geographical locations for activities

involved in daily living.

Residence

Agriculture

w

Residence

Agriculture

Fishinc

PatternI

FRED, ELMER, or DAVID

ALVIN through KEITH

Entire Atoll

PatternIII

JANET

JAIJET

EntireAtoll

Pattern II

FRED, ELMER, or DAYID

KATE through WILMA + LEROY

Entire Atoll

Pattern IV

BELLE

BELLE

Entire Atoll

Pattern V Pattern VI

Residence JANET JANET

Agriculture KATE through WILMA + LEROY ALICE through IRENE

w Entire Atoll Entire Atoll

used for PACE drilling operations.

Similarly, the nearby “C” level area
60

proved to be a Co source stored in a

lead containerina lockedbuildingproperly

labeled,but ofwhich we were unaware be-

forethe survey started.

POPULATION DOSE ASSESSMENT

The total radiation dose to the

Enewetak people returning to Enewetak

Atoll is determined by the sum of the con-

tributionsofeach ofthe exposurepath-

ways; i.e.,

Dose = Dinhalation+D
externalgamma

+D
marine foodchain

+ Dterrestrialfoodchain

The contribution of each pathway to the

total dose for an individual depends on

living patterns and diet. Six living pat-

terns, shown in Tables 225 and 226, hax-e

been selected for the dose assessment on

the basis of statements made by the

Enewet?k people as to how and where

they would like to live after they return.

Similarly, the diets shown in Table 227

have been selected on the basis of the

best current information on the dietary

habits of the Enewetak people, the current

distribution of edible species on the Atoll,

and growth periods before harvest for

edible species which will have to be

established after return. In addition,
.

these assessments assume that the

Enewetak people will continue their cur-

rent practice of using catchment rain-

water for drinking and that underground

11-38
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Table 226a. Estimated time distribution (in percent) for men, women, children,

and infants, with emphasis on residence island. Pattern A.

Village area Beaches Interior Lagoon Other islands

Men 50 5 15 10 20

Women 60 10 10 0 20

Children 55 10 15 5 15

Infants 85 5 0 0 10

lens water, where available, will not be a samples, inhalation doses to bone, liver,

significant part of the diet. and lung for each of the six living patterns

have been estimated and are shown in

D.
inhalation

Tables 228-230.

23 9,240
Pu has been found to be the The “unmodified” cases represent

only significant contributor to inhalation
239,240

calculations based on the Pu con-

doses on Enewetak Atoll. Airborne

radioactive species observed during the

survey, however, were identified as

originating almosi entirely from worldw-

ide fallout or cosmic-ray activity. In

order to make a conservative estimate

of inhalation dosages, it has been

assumed that the returning population will

be exposed to air with an average dust

loading of 100 vg/m3, with the same
239,240

Pu content as the local soil, all

0.4 Km in diameter and low in volubility.

Using these assumptions and
239> 240

Pu

concentrations obtained from the soil

Table 226b,

tent of the top 2 cm of soil, while the

“ modified” cases represent calculations

based on the average
239,240

Pu content

of the top 15 cm of soil. The latter

condition would obtain if the soils were

plowed or mixed during the replanting

operations.

D
external Qamma

Using gamma levels obtained from

the aerial survey, estimates of the ex-

ternal gamma dose associated with esch

of the living patterns have been calculated

(Table 231). In this table the “unmodified”

Estimated time distribution (in percent) for men, women, children,
and infants with emphasis on additional time spent on nonresidence

islands. Pattern El.

Men

Women

Children

Infants

Village area Beaches .Interior Lagoon Other islands

40 5 20, 10 25

50 5 15 5 25

50 5 15 10 20

70 5 5 0 20 DOE ARC~~T/~
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Table 227. Postulated diet for the returnim? adult Enewetak population for time of
return and for 10 yr after initial return.

Diet, E/day

Food item At time of return, 10 yr after return

Fish 600 600

Domestic meat 60 100

Pandanus fruit o 200

Breadfruit o 150

Wild birds . 100 20

Bird eggs

Arrowroot

Coconut

Coconut milk

Coconut crabs

Clams

Garden vegetables

Imports

20 10

0 40

100 100

100 300

25 25

25 2s

o 0

2JIO-1OOO 200-1000

1030 plus imports 1570 plus imports

Table 228. Cumulative reins to organs from
239,240

Pu via inhalation pathway, bone.

LIVING PR?TERN

1. I“K3DIF1ED

UN~D IF I ED

11. ~DIFIED

UNMODIFIED

111. ~DIFIED

UNPIODIFIED

IV. t13DIF IED

LfNf’UDIFIED

V. 170DIFIED

uNtlJDIFIED

V1. MODIFIED

uNMODIF I ED

PCIZG
IN SOIL

0.05

0.12

2.00

4.70

7.30

17.00

15.08

?7 ,00

7.30

1?.60

9.50

14.70

5 YRS

0.0000

0.0000

0.0001

0.0003

0.0804

0.0010

0.0009

0.0046

0.0004

0.0011

0.0006

0.0009

EXPOSED
10 YRs

0.0000

0.0001

0.0008

0.0020

0.8031

0.0071

0.0063

0,0323

0.0031

0.0074

0.8040

30 YRs

0.0003

0.0007

0.0122

0.0287

0.0445

0.1037

0.0915

0.4697

0,0445

t3. 1874

.0.9579

~.ll~y:

50 YRs

0.0009

0.0022

0.0360

0.0846

8.1314

0.3060

0.2700

1.3860

0.1314

0.3168

13.171cl

0.2646

70 YRS

cl.0e18

0.0843

8.0720

0.1692

0.2628

0.6120

0.5400

2.7720

0.2620

0.6356
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Table 229. Cumulative reins to organs from
239,240

Pu via inhalation pathway, liver.

LIVING PFITTERN

I. t’13DIFIED

UN~D IF lED

II. MODIFIED

UNMODIFIED

111. MODIFIED

UNMODIFIED

IV. flODIF IED

UNMODIFIED

V. tlOPIFIED

UNtlOI’IIF IED

VI. MODIFIED

UNFIDDIFIEP

PCIZG
IN SOIL

8.12

2.00

4.79

7.30

15.00

77.00

7.30
.

17.6rl

9.50

14.70

case represents the current conditions; I=

“village graveled” shows the effect of f =
man

placing a 5-cm gravel layer in the village

area; and “ plowed” indicates

the effect of thoroughly mixing the top c=

30 cm of soil in the specified area.

D
marine food chain

Doses via the marine and terrestrial M=

food chains were estimated using the

following differential equation to describe

the intake and retention by man:
and

k=
man

dC Ifman man C-A
dt = M

c (3)
man man

food intake, gfday,

fraction of nuclide ingested

reaching the organ of

reference,

concentration of nuclide in

food product, pCi/g, (i. e.,

fish, shellfish, coconut, land

crab, etc.),

mass of the organ of refer-

ence, (g),

effective elimination rate of
-1

nuclide from man, (day ).

(x =A
biological

+A
radioactive

)
man

where .
c= concentration of nuclide in

man
The concentration C in the food products

man, pCi/g is calculated assuming that the nuclide
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Table 230. Cumulative reins to organs from
239,240

Pu via inhalation pathway, lung.

L;””’:IIG 34 T?EFN

1. l?lDIF!ED

U$IMODIFIED

11. r13DIF1E@

lJ){~~ IF IED

III. MODIFIED

UNMODIFIED

IV. flODIF IED

UNFIOIIIFIED

V. PIJDIF IED

UN~DIF I ED

VI. MODIFIED

UNfKIPIFIED

FL I #’L
IN ‘5UIL

0.05

0.12

2.8D

4.?0

7.30

17.80

15.00

77.~~

7.30

17.6F3

9.50

~q.po

5 *5

0.0000

E1.01301

0.0017

0.0040

0.0063

0.0146

0.0129

0.0662

0.0Et63
.

0.0151

0.8082

0.0126

EWOSEP
1El ‘(7?5

Et.tlOol

0.800?

0.0044

8.0103

i3.0161

0.0374

0.0330

0.1694

8.0161

0.0387

0.02E19

0.0323

30 YRs

0.0004

0.0009

0.0152

0.0357

0.0555

EI. 1292

0.1140

0.5852

8.8555

0.1338

0.0722

0.1117

58 Ws

0.0006

0.8016

0.0260

0.0611

0.0949

0.2210

0. 195@

1. BO1O

0.0949

@.2288

8.1235

0.1911

70 ‘il?S

8.8009

8.0022

0.0360

0.0846

0.1314

0.3860

0.2700

1. 3%0

8.1314

0.3168

0.1718

0.2646

disappears only by radioactive decay,

i. e., that no other processes are in

operation which reduce the nuclide avail-

ability in the food chain. Therefore

C = Coe-xrt, where Co is the concentra-

tion observed at the time of the survey

and Ar is the radioactive decay constant.

The concentration in man at any time t

after initial consumption of the food is:

I fman Co
c man ‘M(A x

man - r)

(
-Art -Aman t

Xe -e ), pCi/g. (4)

The dose at any time t after initial con-

sumption is

1
t

Dose ( rem) = KE Cman dt
o

[ ‘(x

t Ifman Co
= KE

o
A

man r~

(
-Xrt -Xmat

Xc-e )dt, (5)

where K isa conversionconstantfrom

pCi/g to rem and equals5.1X 10-5
disintegrations. g. rem and E is the dis

pC1. MeV. day
integrationenergy ofthenuclideinMeV,

including. a factor for relative biological

effectiveness (RBE). The final dose is

then determined from the integration of

the equation,i.e.,
ME ARCI-HVM
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KEIf C
Dose = ~

man o
A A

man - r)

[

-Art -x
mant1xl*-* ’=em”(6)

Table 232 lists the fm~an (FMAN),

A
radioactive ‘LR)’ ‘man ‘LMAN)’ and

disintegration energy (E) values for all

of the isotopes in the dose calculations.

Fish and marine organism data from

the survey have been found not to have any

statisticallysignificantdifferencesfor

dose estimationpurposes between samples

taken indifferentparts0[thelagoon.

The radionuclideconcentration,Co, used

inthe marine foodchaindose assessment,

therefore,istheaverage valueforall

fishfrom theentireAtolldetermined from

the survey and islistedinTables 233 and

234 f~r each nuclide. The average values

forradionuclideconcentrationslistedin

thetablesare inpCi per gram dry weight,

withdatacorrectedtopCi per gram wet

Table 231. Estimated integral external free-air gamma doses.

Gamma dose, rad

Time interval, yr

Case Living pattern 5“ 10 30 ’70

I Village: FRED, ELMER/DAVID

Visits to ALVIN-KEITH

Time distribution: Table 137

Unmodified 0.14 0,28 0.83 1.92”

11 Village: FRED, /ELMER/DAVID

VisitstoAL1C13-W’ILMA

Time distribution: Table 137

Unmodified O. 38 0.68 1.59 2.97

3. Northern islands plowed (0.22) (0.41) (1.08) (2.26)

III Village: JANET

No visits to other islands

Time distribution: Table 137 with “other

islands” time spent in interior of JANET

Unmodified o .“94 1.71 3.95 6.66

1. Village graveled (0.82) (1.49) (3.48) (5.96)

2. JANET plowed (0.36) (0.68) (1.70) (3.24)

IV Village: BELLE

Visits to ALICE-WILMA

Time distribution: Table 137

Unmodified 2.72 4.78 10.06 15.50

1. Village graveled (1.78) (3.14) (6.69)(10.53)

2. Plus BELLE plowed (0.83) (1.47) (3.26) (5.47)

3. Plus Northern islands plowed (0.68) (1.23) (2.77) (4.76)

DOE ARCHIVES
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Table 231 (continued).

v Village: JAXET

Visits to KATE -lVILMA
●

Time distribution: Table 137

Unmodified 0.71 1.28 2.94 5.06

1. Village graveled (0.59) (1.07) (2.48) (4.36)

2. Plus JAXET plowed (0.36) (0.66) (1.59) (3.02)

3. Plus K_4TE-W1LLL4 plowed (0.29) (0.54) (1.36) (2.71)

Gamma dose, rad

Time interval,yr

Case Livingpattern 5 10 ● 30 70

VI Village:JAXET

Visits to ALICE-IRENE

Time distribution: Table 137

Unmodified 1.15 2.03 4.39 7.13

1. Village graveled (1.02) (1.81) (3.93) (6.43)

2. Plus JAXET plowed (0.80) (1.41) (3.05) (5.09)

3. Plus ALICE- IREXE plowed (0.43) (0.78) (1.85) (3.39)

VIa Village: JAXET

Time distribution: Table 136

Unmodified 0.76 1.37 3.12 5.33

1. Village graveled (0.62) (1.12) (2.58) (4.51)

2. Plus J13XET plowed (0.41) (0.75) (1.77) (3.27)

3. Plus Northern islands plowed (0.30) (0.56) (1.40) (2.76)

VIb Village: J-~XET

Visits to .%LI’lX-KEITH

Time distribution: Table 136

Unmodified 0.60 1.10 2.60 4.60

1. Village graveleci (0.48) (0.88) (2. 14) (3.90)

2. Plus J.4XET plowed (0.25) (0.48) (1.26) (2.56)

Mean population dose

(Average of Cases I, II, III, V, and VI)

Unmodified 0.66 1.20 2.74 4.75

1. Village graveled (0.59) (1.07) (2.46) (4.33)

2. Plus J.4XET plowed (0.41) (0.74) (1.75) (3.25)

3. Plus All X’orthern islands plowed (om~q) (o.~~) (lo3~) (Qo~o)

Sea level, U.S.A. POE ARCHIV~

(80 mrad/yr) Typical 0.40 0.s0 ?.40 5.GO
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Table 234. Radionuclide concentrations in. fish (January 1972).

Concentration, pCi/g dry weight

Nuclide Sample No. of Samples Average High Low

137CS All fisha 128 0.39 6.8 0.026

60co All fisha 128 2.0 38 0.041

‘OSr All fisha 125 0.16 1.5 0.0010

‘OSr Eviscerated 74 0.21 --- ---

whole fish

“gOSr Fish muscle 51 0.075 --- ‘--
only

aAll fish includes eviscerated whole fish and those fish where muscle was
separated from bone and only the muscle was analyzed.

weight for use in the dose code by dividing

by 3.5, the average wet-to-dry ratio for

fish from the Atoll.
.

Integral doses calculated from the

marine survey data are listed in Table

235 for the whole body and bone for 5,

10, 30 and 70 yr. The major contribution
39?

to the whole-body dose comes from “’(cs

and Co, while the bone dose comes

fro~~o Sr, as well as from 137CS and

60co. The third line of the table gives

the summation of the dose to each organ

from the three isotopes. The bottom entry

in the table lists the dose from all raciio -

nuclides listed in the Table 235 footnote.

Dterrestrial food chain

Evaluation of the potential dose to the

returning population via the terrestrial

food chain has been structured on the

basis of the living patterns in Table 225.

The quantity of radionuclides ingested via

terrestrial foods was computed from the

,measured and predicted concentration of

activities according to the expected daily

diets listed in Table 227. ‘Except for

coconut and arrowroot, the daily intake

of the food items listed in this table refers

to gjday of fresh food. The gjday intakes

listed for coco!mt and arrowroot refer

to the dry weight intake of coconut meat

(copra) and processed arrowroot starch.

Inferred initial ingestion rates assuming

the diet at time of return are shown in

Table 236. This diet contains only foods

that are available on islands of the group

at the time of return, i. e., domestic

meat, birds, bird eggs, coconut crabs,

and, in the case of the southern islands,

coconut meat and coconut milk.

The 30- and 70-yr integral doses were

calculated assuming the 10-yr post-

return diet. In addition to the foods that

are available at the time of return, the

10-yr post-return diet includes pandanus

fruit, breadfruit, arrowroot, coconut

meat, and coconut milk for all islands.

The initial rates of ingestion for each

island group assuming the 10-yr post-

return diet are listed in Table 237. These

values are presented in two parts; the rates

of ingestion for the foods immediately

availatde are presented on the left side of

Table 237 under Janiiary 1, 1974, while

the rates of ingestion for the foods that

are to become available 8 sr after return

II-47
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Table 235. Integraldose= for5, 10, 30, and 70 yr from themarine foodchain.

integraldose, remb

5 yr 10 yr 30 yr 70 yr

Nuclide W. B. Bone W. B. Bone If’. B. Bone W. B. Bone

137CS 0.0061 0.0061 0.012 0.012 0.030 0.030 0.049 0.049

60co 0.0078 0.0078 0.012 0.012 0.017 0.017 0.017 0.017

‘OSr --- 0.13 --- 0.31 --- 0.77 -- 1.3

Sum 0.014 0.14 0.024 0.33 0.047 0.82 0.066 1.4

All
nuclidesc O. 016 0.14 0.028 0.34 0.053 0.84 0.089 1.6

aThe dose is based upon the average concentration for fish from the entire
Atoll and upon a dietary fish intake of 600 g/day. These doses apply to all
six living patterns.

bThe concentration data w’ere corrected to January 1974, the earliest possible
return date to the .Moll; all integral doses are calculated for periods which
begin on January 1974.

cIs&opes included in the “All nuclides” calculation:

3H 60co 102Rh

14C
90Sr 113Cd

55Fe ] ‘6Ru ‘25Sb

137CS “
152EU 235U

133Ba
155EU

238PU

‘44Ce 207Bi 239PU

241Am

are presented on the right side of

Table 237 under the 8-yr post-return date,

January 1, 1982. In essence, the foods

immediately a~railable are assumed to

contribute to the diet beginning January 1,

1974, and the edible plants that are yet to

be established are assumed to contribute

to the diet beginning January 1, 1982.

Using these data, plus the integrated

dose per unit rate of ingestion to whole

body and bone shown in Table 238, the

iptegral 5- and 10-yr doses shown i~

Table 239 have been calculated. The

In computing the bone dose, the whole-

body dose from
137

Cs and the other non-

bone seekers has been added to the bone

dose from
90 Sr and 239,240PU. The

whole-body dose has been computed as the

sum of the whole-body dosages from the

non-bone seekers.

Similarly, integral 30- and 70-yr

doses have been calculated assuming the

10-yr post-return diet (Table 240).

Total Dose

The total 30-yr integral dose pre -

dieted for whole body and for bone for

the six living patterns are listed in

Table 24”1. This table includes the con-

tributions from each pathway and, for

5- and 10-yr dosages particularly relate

to the situation during the initial few

years following return.

II-48 DOE ARCHIVES
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Table 236. Rate of ingestion of radionuclides from terrestrial foods assuming diet
at time of return (Jan. 1. 1974).

Food item

Ingestion rate, pCi/day

3H 55Fe 60co ‘OSr 137CS
239,240%

A. Island group ALICE-IRENE

Pork and chicken

Wild birds 984

Bird eggs 69

Total 1050

B. Island group BELLE

Pork and chicken

Total

C. Island group JANET

Pork and chicken

Wild birds 1800

Bird eggs 171

Total 1970

D. Islandgroup KATE-WILMA, LEROY

Pork and chicken

Wild birds 1800

Bird eggs 113

Coconut crabs 0.480

Total 0.480 1900

E. Islandgroup ALVIN-KEITH

Pork and chicken

Wild birds 1700

Bird eggs 131

Coconut 29.3 <23

Coconut milk 14.9 <11

Coconut crabs 2.91

Total 47.1 1850

6.21

<0.$29

6.35

7.70.
<0.39

7.89

7.70

<0.28

‘1.03

8.87

6.41

<0.35

<2.9

<1.42

4.23

13.7

185

1.21

0.45

187

302

302

108

0.29

0.97

109

47.4

0.29

0.02

1.96

49.7

6.18
6

0.37

0.02

3.35

0.17

2.58

12.7

3100

<2.4 0.143

<0.24 0.0074

3100 0.150

6960

6960

2320

2.5 0.100

0.6 0.074

2320 0.174

858

2.50 0.100

<0.25 0.077

7.59 0.0035

868 0.180

50.9

2.55 0.704

<0.35 0.003

68.7 <0.2$9

3.44 <0.129

9.31 0.023

135 0.99

.
DOE ARCHIVES
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Table 237. Rate ofingestionofradionuclidesfrom terrestrialfoodsassuming 10-yrpost-returndiet.

—..
Ink estion rate, p[’i/day

.Tanuarv 1, 1(174 January 1, 1T)B2

3[1 55 60 !)o
~ood item

137(,s 23!~, 240P[1
3}1 55f+

6 Oc(,
17c’ [“[) Sr

!)0
Sr 137C’S

239, 240R

A. Island group ALIC’E-IltENE

Dc,mcstlc meat 308 5170

Pnndanos fruit

l]rc,adfruit

Wild birds 197 1.24 0.242 <0.5

IIir(l {LgUs 34.5 <0.14 0.226 <1). 1

Arr{)wr[),)t

(’t)[cmut meat

[.”,)(onut milk

Total 231 1.31 308 5170

11. Island group BELLE

Domestic meat 504 11600

Pandanus fruit

Breadfruit

Arrowroot

. (“[]’c[mut meat

(’f){onut milk

Total 504 11600

c. Island group JANET

Ihmestir meat 180 3870

Pandanus fruit

Breadfruit

Wild birds

Bird eggs

Arrowroot

Coconut meat

(“mcmut milk

Total 445 1.64 181 3870

0.0286

0.0037

23.7 664

31.6 <37

0.0323 59.3 683

1.34

1.15

2.50

7.12

6.10

360 1.54 0.058 0.50 0.020

85.5 <0.19 0.482 0.29 0.037

<2.54

0.157 14.5

!)41

807

47

<16.3 135

<8.5 20

12.4 1950

<1.46 1540

<1,25 1320

77

221

33

1.35 3180

<1.25 550

<1.07 471

28

<1.85 79

<2.27 12

3.22 1140

8840

7570

71

2210

331

19000

19800

17000

15!3
4$960

743

42700

6610

5560

53

1650

248

14100

18.1

<1.7
19

<9.5

<8.1

8.8,

0.082

0.071

<1.31

0.81

.



Table 237 (Continued).

.

.

In ,Cstir)n rate, pci/day

January 1, 1974 January 1, 1982

Food item 311
55Fe 60C0 90Sr

137C5 2:9,240 go
31i 55F% 60( ’()

137c:~
Ml Sr

23{),240pu

D. Island group KATE-WILMA + LEROY

Domestic meat

Pandanus fruit

F3readfruit

Wild birds 360

‘Bird eggs 56

Arrowroot

Coconut meat

Coconut milk

Coconut crabs 0.480

Total 0.480 416
~

&
& E. Island group ALVIN-KEITH

Domestic meat

Pandanus fruit

Breadfruit
Wild birds 340.
13ird eggs 65

Arrowroot

Coconut meat 29,3 <23

Coconut milk 44.6 <33

Coconut crabs 2.91

Total 76.8 433

79 1430

3.94

3.38

1.54 0.058 0.50 0.020

<0.14 0.01 <0.12 0.03!)

1.03 1.96 7.59 0.003

2.59 81 1440 0.062

19.0204

%?8.5 ~6:44

47.5215

10.3 84.9

1.33

1.14

1.28 0.073 0.51 0.141

<r). 17 0.009 <(). 17 0.002

Not available

<2.9 3.35 68.7 z 0.25’3

<4.2 0.50 10.3 z 0.386

4.23 2.58 9.3 0.023

9.17 16.8 174 0.488

I

2.48

<13.8

<11,8

<1.05

<2.27

14.4

<0.65

<0.56

0.60

241

207

12

34.7

5.2

500

9.44

8.09

0.47

18.0

2480

2120

20

619

93

5330

85.4

73.2

0.68

159

0.316

0.271

<8.64

<0.38

5.0

0.156

0.134

0.290



Table 238. Integrated dose per unit rate of ingestion to whole body and bone.

‘T’
rem/pCi/day

Per od of integration

Nuclide Organ 2 yr 5 yr 10 yr 22 yr 30 yr 62 yr 70 yr

3H Whole body 4.51(-8)a 1.05(-7) 1.85(-7) 3.05(-7) 3.51(-7) 4. 17(-7) 4.23(-7)

55Fe
Whole body 7. 50(-8) 2, 35(-7) 3.73(-7) 4.29(-7) 4.32(-7) 4.32(-7) 4.32(-7)

60co Whole body 1.27(-5) 2,96(-5) 4.65(-5) 6.09(-5) 6.33(-5) 6.46(-5) 6.46(-5)

90~r
Bone 2.87(-3) 1.08(-2) 2. 3!3(-2) 4.99(-2) 6.33(-2) 9.70(-2) 1.02(-1)

137c~ Whole body 3.49(-5) 9,62(-5) 1.89(-4) 3.74(-4) 4. ’71(-4) 7.22(-4) 7.61(-4)

230’240Pu Bone 1.51(-6) 9.39(-6) 3.71(-5) 1.75(-4) 3.19(-4) 1.27(-3) 1. 59(-3)

aThe number within parentheses denotes the power of 10. Thus, 4. 51(-8) is a contraction of 4.51 X 10-8 rem/pCi/day.u
‘7
m
M .
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Table 239. predictionofthedosage from ingestionoft(!rrestrialfoodsassuming dietatthetime ofreturn.

5-yr dose, rem 10-yr dose. rem

Isotope Whole body Bone Whole body Bone

A. Island group ALICE-IRENE

3H

55Fe

60C0

90Sr

137C5

239, 240W

Subtotal

Total 5- yr

Total 5-yr

55Fe

B. Islandgroup BELLE

2.5(-4)a

1.9(-4)

2.02

0. 2!38

1.4(-6)

O. 298 2.02

whol-body dose O. 30 rem

bone dose 2.32 rem

60C0

90Sr 3.26

137CS 0.669

239, 240~

Subtotal 0.67 3.26

Total 5-yr whole~ody dose 0.67 rem

2.7(-6)

4.4(-4)

4.5(-4)

10.1

1.25

3.4(-5)

1.25 10.1

Total10-yrwhole~ody dose 1.25rem

Total 10-yrbone dose 11.3 rem

1.9(-7)

1.7(-5)

16.3

2.81

1.3(-5)

2.81 16.3

Total10-yrwhole-bodydose 2.81 rem

Total 5-yr bone dose 3.93 rem Total 10-yr bone dose 19.2 rem

u

~

~
q
m

z
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Table 239 (Continued).

5-yr dose, rem 10-vrdose, rem
Isotope Whole bodj Bone Whole body Bone

c. Island group JANET

55Fe

60co

90Sr

137CS

23g’240Pu

Subtotal

Total 5-yr

Total 5-yr

~ D. Island group KATE-WILMA + LEROY
@

3H

55Fe
4

4.6(-4)

2.3(-4)

O. 223

0.224

whole-body dose

bone dose

5. 0(-8)

4. 5(-4)

7.4(-4)

4. 1(-4)

1.18 5.88

0.831

1.6(-6) 7.6(-6)

1.18 “ O. 932 5.88

0.22 rem Total 10-yr whole-body dose O. 93 rem

1.40 rem Total 10-yr bone dose 6.82 rem

2. 2(-6)

7.3(-4)

60co 2.6(-4) 6.0(-4) ‘

90Sr O. 536 2.62

137CS 0.0035 0.350

239,240%
1.7(-6) 1.4(-5)

Subtotal 0.0842 0.536 0.351 2.62

Total %yr whole-body dose O. 084 rem Total 1O-Y$ whole-body dose O. 353 rem

Total 5-yr bone dose 0.620 rem Total 10-yr bone dose 2.97 rem

~

:

z
~

e
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Table 239 (Continued)

5-yr dose, rem 10-yrdose, rem
Isotope Whole bo(y Bone Whole body Bone

E. Islandgroup ALVIN-KEITH

3H

55Fe

60C0

90~r

137CS

239’240Pu

Subtotal

Total5-yr

Total5-yr

4.9(-6)

4.4(-4)

4. 1(-4)

0.0130

0.137

9. 3(’-6)

0.0138 0.137

whole-body dose 0.014 rem

bone dose O. 151 rem

8.7(-6)

6.9(-4)

6.5(-4)

0.0311

0.0324

0.0324

Total10-yr

Total10-yr

0.355

3.7(-5)

0.303

whole-bodydose O.032 rem

bone dose O.387 rem

aThe number withinparenthesesdenotesthe power of 10. Thus, 2. 5(-4) is a contraction of 2.5 X 10-4.

i

.

u
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Table 240. Predictionofthedosagefrom ingestion[’fterrestrialfoodsassuming 10-yr post-returndiet.

Ingestion rate, ~~.-yr dose rem 70-yr dose, ~e.rn.
tngcstion rate,

pCi,lday .__ —J—..- - 22-yr dose. rempCi/day
62-yr dose. rem

Isotope January 1, 1974 whole body Ron e Wh[>lc t)Of]y 3one Janoary 1, 1984 Whole body Done W}101Cbody BOnc

A. Island group
ALICE-IRENE

3H

55 ,>c
231

60crJ 1.31

‘)OSr 308

137C.
5170

239,2401ti O. 0323

Subtotal

“rotal 30-yr whole-body dose

Total 30-yr bone dose
❑
I
in
m u. Island group

RELLE

55
Fe

4
60C0

9r)
Sr 504

137CS 11,600

2391 2401JU

Subtotal

Total 30-yr whole-body dose

Total 30-yr bone dose

1.0(-4)a

8. 3(-5)

2.44

2.44

9.55 rem

126 rem

5.46

5.46

21.4 rem

212 rem

1.0(-4)

8.5(-5)

19.5

3.!33

1.0(-5)

19.5 3.93

31.9

8.83

31.9 8.83

59. 3 1.8(-5)

683 0.0003

12.4 0.0008

11.5 1950

19,000 7.11

5. 1(-5) 19

11.5 7.11

Total 70-yr whole-body dose

Total 70-yr bone dose

2.50 1. 1(-6)

i.35 8.2(-5)

51.4 3180

42,700 16.0

8.8

51.4 16.0

Total 70-yr whole-body dose

Total 70-yr bone dose

2. 5(-5)

0.0003

0.0008

97.3 190

13.7

0.003 0.024

97.3 13.7 190

17.7 rem

239 rem

1. 1(-6)

8.7(-5)

159 309

30.8

1.5(-3) 1. 1(-2)

159 30.8 309

39.6 rem

400 rem

.
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Table 240 (Continued).

Isotope January 1, 1974 Whole bmly Bone Whole body 130ne January 1, 1984 Whole body Bone Whole body 130ne

c. Island group

JAN12T

55Fe
445

60co 1.64

90~r
181

137(:s 3870

239’ 2401% 0.057

Subtotal

Total 30-yr whole-body dose

Total 30-yr bone dose

D. Island group

KATI?-WILMA + LEROY

3H 0.480

55F.e
416

60co 2.59

90Sr 81.0

137CS 1440

239,240R
0.062

Subtotal

Total 30-yr whole-body dose

1.9(-4)

1.0(-4)

1.82

1.82

7.10 rem

75.4 rem

2(-7)

1,8(-4)

1.6(-4)”

0.677

0.677

2.67 rem

Total 30-yr bone dose 32.7 rem

1.!)(-4)

1.1(-4)

11.4

2.95

1.8(-5)

11.4 2.95

2.0(-7)

1.8(-4)

1.7(-4)

5.13

1.09

2. 0(-5)

5.13 1.09

14.5 6. 2(-6)

3.22 2.0(-4)

18.4 1140

14,100 5.28

9. 1(-5) 0.806

18.4 5.28

T,otal 70- yr whole-body dose

Total 70-yr bone dose

47.5 1. 5(-5)

215 9.2(-5)

14.4 8. 8(-4)

8.26 500

5330 1,99

9. 8(-5) 4.96

8.26 1.99

Total 70-yr whole-body dose

Total 70-yr bone dose

6.2(-6)

2. 1(-4)

56.9

10.2

1.4(-4)

56.9 10.2

13.1 rem

142 rem

2, 0(-5)

9. 3(-5)

9. 3(-4)

24.9

3.85

8.7(-4)

24.9 3.85

4.94 rem

61.7 rem

111

1. U-3)

111

.

48.5

6.3-3)

48.5

___—
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Table 240 (Continued).

ingestionrate, ingestionrate,
~Ci/da~ 30-vrdose.rem 70-~rdose, rem pCi/day 22-vr dose. rem

Isotope January 1, 1974 Whelp body B-me
-62-yr dose. rem

Whole body IIone January 1, 1984 Whole body Bone Whole body Bone

E. Island group

A1. VIN-KEITH

311 76.8 1.3(-5) 3. 3(-5)

55
[’e 433 1.9(-4) 1.9(-4) 2.48 1. 1(-6) 1. 1(-6)

60C0 ‘3. 17 5. 8(-4) 5.9(-4) O. 60 3. 7(-5) 3. !)(-5)

!)o
Sr 16.8 1.07 1.72 18.0 0.898 1.75

137
Cs 174 0.0819 0.132 159 0.0596 0.115

239, 2401,U
0.49 1.6(-4) 7.8(-4) ‘ O. 290 1.8(-4) 1.3(-3)

Subtutal O. 0826 1.07 0.133 1.72 0.0596 0.898 0.115 1.75

Total 30-yr whole-body dose 0.142 rem Total 70-yr whole-body dose 0.248 rem

u Total 30-yr bone dose~ 2.11 rem Total 70-yr bone dose 3.71 rem

u!
m

aThe number within parentheses denotes the power of 10; thus, 1.0(-4) is a contraction of 1.0 X 10-4.

b

.,
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Table 241. The 30-yr integral dose for the six living patterns assuming unmodified conditions.

30-yr integral d~se, rem

Unmodified conditions

Inhalation External Terrestrialb Marineb Total

Living
Bone, a

pattern Bone Lung Liver W.130 VI* ~. Bone W. B. Bone W. B. Bone

I. 7(-4) 9(-4) 4(-4) O. 83 0.14 2.1 0.053 0.84 1.0 3.8

II 0.029 0.036 0.016 1.6 2.7 33 0.053 0.84 4.4 35

III 0.10 0.13 0.056 4.0 7.1 75 0.053 0.84 11 80

Iv 0.47 0,59 O. 25 10 21 2’10 0.053 0.84 31 220

v 0.11 0.13 0.058 2.9 2.7 33 0.053 0.84 5.7 37

u VI 0.090 0.11 0.049 4.4 9,6 130 0.053 0.84 14 135
i’
vl
w

Living pattern Village island Agriculture Visitation

I Enewetak-Parry A’:VIN-KEITH Southern Is..
II Enewetak-Parry KATE-’ VILMA + LEROY Northern Is.

111 JANET JANET Northern Is.

IV BELLE BELLE Northern Is.

v JANET KATE-’/VILMA + LEROY Northern Is.

VI JANET AI. ICE-IRENE Northern Is.

aTaken from the chapter on external
u bBased upon diet 10 yr after return,

o

dose estimates,Tabl~ 22.
as describedinthedietaryand livingpatternschapter.
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the externaldose assessment,

upon theunmodifiedconditions

is based

for the

villageisland. The largestcontribution

tothewhole-body and bone doses comes

from the terrestrial food chain, the ex-

ternal dose pa:hway is the next highest

contributor, and the marine food chain
.

and inhalation pathway contribute the

least.x The relative contributions of each

diet component to the terrestrial pathway

dose is shown in Tables 242 and 243.

In general, living on JANET, visiting

northern islands, and maintaining

agriculture on northern islands (living

patterns III, V, and VI) lead to signifi-

cantly higher doses than if the village and

agriculture are located on islands in the

southern half of the Atoll (living pattern

I). Doses for these same patterns have

h~pn calcIIlat Pd fnr 5 10 and 7i) vr and

are shown in Table 244.

The most significant contribution via

the terrestrial food chain is the dose to

bone resulting from
90

Sr uptake via

*
As indicated earlier, these dose cal-

culations assurxe that the Enewetak peo-
ple will continue their current practice of
using catchment rain water for drinking
and that the underground lens water sup-
ply will not be a part of their diet. An
indication of doses that are to be expected
from lens water n?ay be obtained from
four water samples taken on JANET in
July 1971. These samples, two each
from each of two 2.5-m-deep holes about
100 m from the lagoon shore, gave aver-
a e concentrations of 130 pCi /liter for
9%Sr, and 400 pCi/liter for 137CS. 239Pu
concentrations were scattered (<0.03, 21,
cO.03, and 17 pCi/liter) but, for our cur-
rent purpose, we will assume an average
value of 20 pCi/liter.

Using these concentrations, and
assuming an average daily intake of
100 ml of lens water, the result&n g 30-yr
doses would be 0.83 rem due to - Sr,
O 019 rem due to 137CS, and 0.00082 rem
d~e to 239Pu.

pandanus fruit and breadfruit. For living

pattern 111, for example, the total

terrestrial bone dose is 75 ~em, of which

74q0 is derived from the intake of bread-

fruit and pandanus. It is important to note,

however, that the large contribution to

the hone dose via these fru its occurs only

when they are grown on northern islands.

Pandantis and breadfruit grown on the less

contaminated southern islands lead to

much lower dose commitments.

Table 245 shows the 30-yr integral

dose for the six living patterns for the

modified soil condition, i. e., where the

village area has 5 cm of gravel and the

village island is plowed. Table 246

shows the 5-, 10-, 30-, and 70-yr dose

estimates for the same conditions.

Table 247 shows the additional effect

on the 30-vr integral dose of limiting

growth of pandanus, breadfruit, coconut,

and tacca to the southern islands, while

Table 248 shows the effect of limiting all

terrestrial foods to the southern islands.

The effect of the combination of these pre-

ventive measures reduces the dose for

living pattern III from 11 rem to 1.9 rem

for whole body and from 80 to 4.7 rem

for bone.

A comparison of the 30-yr integral dose

for living patterns I and III relative to the

average United States external background

dose” over 30 yr is shown in Table 249.

Plutonium isotopes, because of their

long half-lives, will still be present

when the other major isotopes observed

at the Atoll have decayed away; therefore,

Tables 250 and 251 are included to show

the predicted doses from plutonium to

the three major receptor organs (lung,

!iver, and bone) via the three relevant

exposure pathways. DOE ARCHIW
.
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The islandofYVONTNE presentsa

uniquehazard onEnew etakAtoll.Pure plu-

tonium particlesare presenton or closeto

theground surface,randomly scatteredin

“hotspots”over most ofthe area from the

tower toCACTUS crater.Examinationof

these“hotspots”has revealedthe presence

ofoccasionalmilligram-sizepiecesofplu-

tonium metal, as well as smaller pieces

which are physicallyindistinguishablein

sizefrom thesurroundingcoralmatrix.

Giventhesecurrentconditions,itmust be

assumed thatpure plutoniumparticlesof

respirablesizeare now alsopresentonthe

surfaceor may be presentinthefutureas

weatheringeffectsoxidizeand break down

the larger particles. Lung dose assess-

ments for this area, therefore, must be

based on inhalation of pure plutonium

particles rather than those having the av-

erage plutonium content of the soil.

The potential health hazard via the

inhalation pathway is sufficiently great

to dictate two basic alternatives for

remedial action for this island: (1) Make

the entire island an exclusion area – off

limits to all people, or (2) conduct a

cleanup campaign which will eliminate

the “hot-spot” plutonium problem and

remove whatever amount of soil is

necessary to reduce the soil plutonium

concentration to a level c~mparable to

other northern islands. As an indication

of the volumes of soil involved, removal

of a 10-cm-thick layer of topsoil in the

area inw’hich “hot spots” have bee~

detected involves approximately 17,000

m3 of material. Further removal of soil

to reduce the maximum plutonium con-

tamination levels to 50 pCi/g or less

involves an additional 25,000 m3 of

material.

Table 242. Relative contributions of terrestrial foods to the integral dose assuming
diet at time of return.

Percentage of total 5-yr Percentage of total 1O-yr

Food item 90
Sr dose

137
Cs dose

90
Sr dose

137
Cs dose

to bone ~vhole body to bone irhole body

.4. Island group .AT.ICE-IRENE

Domestic meat 98.9 100 43.9 46.9

0.65 <0. 08

0.24 <0. 008

Pandanus fruit 26.8 24.7

Breadfruit 23.1 21. 1

If’ild birds O. 29 0. 04

Bird eggs 0.11 0.004

Arro~vroot 1.3 0.20

Coconut meat 3.9 6.2

Coconut milk 0.57 (). 93

B. Island group BELLE

Domestic meat

Pandanus fruit

Breadfruit

Arroivroot

Coconut meat

Coconut ,milk

100 100 44.2 47. 1

27.0 24.6

23.2 21. 1

1.’4 0.20

3.9 6.2

0.58 0.92

DOE ARCHIVQ
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Table 242 (continued) I

Percentageof total5-vr Percentageoftotallo-.,r
Food item 90 137 90

Sr dose Cs dose Sr dose
137 —

Cs dose
to bone whole body to bone WhO~e bo(ik’

C. Island group JANET

Domestic meat 99.1

Parrdanus fruit

Breadfruit

Wild birds O. 27

Bird eggs O. 89

Arrowroot

Coconut meat

Coconut milk

D. Island group KATE -tilLMA + LEROY

Domestic meat

Pandanus fruit

Breadfruit

Wild birds

Bird eggs

A+I’I”VWL’WL

Coconut meat

Coconut milk

Coconut crabs

E. Island group ALVIN-KEITH

Domestic meat

Pandanus fruit

Breadfruit

R’ild birds

Bird eggs

Arrowroot

Coconut meat

Coconut milk

Coconut crabs

95.4

0.58

0.04

3.9

48.7

2.9

0.2

26.4

1.4

20.3

100

0.11

0.03

98.8

.

0.29

<0. 03

0.87

37.7

1.9 ‘

<0. 26

50.9

2.5

6.9

43.9

26.9

22.9

0.12

0.39

1.4

3.9

0.59

43. 1

26.4

22.7

0.26

0.02

i. 2

3.8

0.57

2.4

41.7

7. 6

6.5

2.5

0.13

0.38

22.6

1. 1

17.4

47.0

24.8

20.8

0.05

0.01

0.20

6.2

0.93

46.3

24.7

2i. 1

0. 14

0.01
-.

G. &u

6.2

0.93

0.41

30.9

!3. 6

8.2

1.5

0.21

0.03

41.8

2. 1

5.6

DOE ARCHIV~
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Table 243. Relativecontributionsofterrestrialfoodstc theintegraldose assuming 10-yrpostveturndiet.

Percentage of total 30-yr dose Percentage of total 70-yr dose

90Sr dose to
13

7CS dose to
90

Sr dose to
137

Cs dose to
bone whole I)ody bone whole body

Commencement date Commencem Unt date Commencement date Commencement date
Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82

A. islandgroupALICE-IRENE

Domestic meat 16.7

Pandanus fruit

Breadfruit

Wild birds 0.01

Bird eggs 0.01

Arrowroot

Coconut meat

Coconut milk

Subtotal” 17

B. IslandgroupBELLE

Domestic meat 16.’7

Pandanus fruit

Breadfruit

Arrowroot

Coconut meat

Coconut milk

25.5

40.2 :{4.7

34.5 :!9.6

<0.002

<0.0005

2.0 0.28

5.8 8.7

0.85 1.3..—
83 26 ‘!’4

.
25.4

40.2 ::4.5

34.5 :!9.6

2.0 0.27

5.8 8.7

0.86 1.3.—

14.2

41.4

35.5

0.01

0.01

2.1

5.9

0.88

14 86

14.3

41.5

35.6

2.1

6.0

0.89

22.3

36.2

31.0

<0.002

<0.004

0.29

9.1

1.4—.
22 78,

22.3

36.1

31.0

0.29

9.0

1.4

Subtotal 17 83 25 ,.5 14 86 22 78 —

w

i%
n
x

z.
El
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Table 243 (Continued).

Percentage of total 30-yr dose Percentage of total 70-yr dose

!30
Sr dose to

137
Cs dose to

90
Sr dose to

137
Cs dose to

bone whole b ldy bone whole body

Commencement date Commcncer lent date Commencement date Commencement date

Food item 1/1/74 111182 1/1/74 1/1182 1/1/74 l/lf82 1/1/74 1/1/82

E. Jslandgroup ALVIN-KEITH

Domestic meat 33.3

Pandanus fruit

13readfruit

Wild birds O. 24

Ilird eggs f). 03

Arrowroot

Coconut meat 10.8

Coconut milk 1.6

Coconut crabs 8.3

Subtotal 54

28.3

24.1

20.6

0.17

0.06

1.2

22.9

3.4

3.1
.

46 58

30.3

22.5

19.4

0.22

0.03

0.18

9.9

1.5

7.6

42 50

26.2

26.5

22.7

0.16

0.05

1.3

21.2

3.2

2.9

50 54

25.0

21.4

0.20

46 .

._—



Table 244. The 5-, IO-, 30-, and 70-yr doses for the six living patterns assuming
unmodified conditions.

Total integral dose, rem
(~nmodifi[’d cox(ditions

— —.

Living ~ yr 10yr 30 yr 70 yr

pattern . . 130ne . . Bone

I o. 17 0.58 0.35 1.4 1.0 3.8 2.3 8.5

11 0.48 1.3 1. 1 ~.3 4.4 35 8.0 68

III 1.2 2.(i 2.7 :.2 11 80 20 150

IV 3.4 6.9 7.6 2: 31 220 56 420

v 0.81 1.6 1.7 ~.9 5.7 37 10 71

VI 1.5 3.8 3.3 14 14 135 25 250

A
a Table 245. The 30-yr integral dose for the six living patterns assuming modified conditions.

.
.

Inhalation External Terrestrial Marine Total -
Living
pattern Bone Lung Liver Bone, W.B. W. 13. 130ne W. B. Bone W.B. Bone

I 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0,84 1.0 3.8

11 0.012 0.015 6.6(-3) 1.1 2.7 33 0.053 0.84 3.9 35

111 0.045 0.056 0.024 1.7 7.1 75 0.053 0.84 8.9 78

~ ,~ 0.092 0.11 0.050 3.3 :1 210 0.053 0.84 24 215 “-–

;V 0.045 0.056 0.024 1.6 2.7 33 0.053 0.84 4.4 35

?? VI 0.058 0.072 0.031 3.1 9.6 130 0.053 0.84 13 135

z

z

,E
a,Modified by gra~reling the village area and I)y plowing tke village island.



Table 246. The 5-, 10-, 30-, and 70-yr !loses for the six living patterns assuming ●

modified conditions.

Total integral c ose, r$m
Modified conlitif)ns

Living
pattern

5yr” 10 yr 30 yr 70 yr

w. r3. Bone w.T— Bone w. B. Bone w. 13. Bone

I o. 17 0.58 0.35 1.4 1.0 3.8 2.3 8.5

H 0.’18 1.3 1. 1 4.3 3.9 35 8.0 (38

IV 1.5 5. 0 4.3 22 24 215 46 410

v 0.46 1.3 1.0 4.3 4.4 35 8.0 68

VI i 1. 1 3.4 2.7 13 13 135 23 250

aModified by gravelling the village area and plowing the village island.

.
7 Table 247. The 30-yr integral dose for the six living patterrs assuming modified conditions and agriculture on the
m
-1 southern islands.

30-yr inte~ral dose, rem

. Modified conditions and pandanus, breadfruit, coconut, and tacca grown on southern islands
—.

Inhalation I?xtcrnal Tcrrcstrialr Marine Total

I,iv)ng
T3[)n(!,

pattern Bone Lung Liver w. R. W. 13. Bone W. B. Bone w. 13. Bone

I 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

u 1’ 0.012 0.015 0.0066 1.1 0.77 7.1 0.053 0.84 1.$) 9. 1

E
111 0.045 0,056 0.024 1.7 1.!) 15 0.053 0.84 3.7

...———
18

b Iv 0.092 0.11 0.050 3.3 5. 7 39 0.053 0.84 9. 1 43
g 0,045 0.056 0.024 1.6 0.77 7.1 0.053 0.84 2.4 9.6

~ ~: 0.058 0.072 0.031 3.1 2.5 23 0.053 0.84 5.7 27
<

.R aModified by graveling the village area and by plotving th[ village island.



Table 248. The 30-yr integral dose for the six living pattern; assuming modified conditions and agriculture on the
southern islands.

~-yr integral ~ose, rem
Modified conditions and agricultl[re on southern islands

Inhalation External Terrestrial Marine Total

Living
Bone,

pattern Bone - Lung Liver w. B. ‘V. B. Bone W. B. Bone W. El. Bone

I 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8

II 0.012 0.015 0.0066 1.1 0.14 2.1 0.053 0.84 1.3 4.1

III . 0.045 0.0!Y3 0.024 1.7 0.14 2.1 0.053 0.84 1.9 4.7

Iv oo~[)~ 0.11 0.050 3.3 0.14 2.1 0.053 0.84 3.5 6.3

v 0.045 0.056 0.024 1.6 0.14 2.1 0.053 0.84 1.8 4.6

VI 0.058 0.072 0.031 3.1 0.14 ● 2.1 0.053 0.84 3.3 6.1

aModified by graveling the village area and by plowing tl e village island.

Table 249. The 30-yr integral dose from all pathways compared to U. S. external
backfzrmy~ dose.

30-yr integral dose, a rem

IJnrnmlified CaSC Mfxfificd case

I.()(ati(m Wh!)le b Xiy Bone Whole body l%me

Enew(:tak Atoll
I.iving pattern I 1.0 3.8 1.0 3.8

IZnewetak Atoll
I,iving patter-n 111 11 80 8.9 . 78

~n~w(’tak Atf~ll
I.iving l)attern 111, agriculture
confine(l to st~uthcrn islands 4.2 7.0 1.9 4.7

U. S. background onlyb 3.0 3.0 3.0 3.0

aSum of all p:~tfl~vays ft)r the Encwetak living patterns (1. e. , external, inhalation,

f)
morinc, an(l tf’rr(strial).
}~ast<l [ll)(~n l~a(k~r(}:)tl(l of 100 mrem/yr at :ea lCVC1.
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Table 250. The plutonium 30-yr integral dose to bone, liver, and lung vla the three exposure pathways. This table
assumes unmbdifiecl conditions on the village island.

Plutonium 30-yr ntc~ral (Iose, rem
[Inmoc{ifiel conditions”

l,iving
Marine Terrestrial Inhalation Total

pattern Bone I.ivcr Lung Bone Liver IJu lg none I,iver Lung Bone Liver 1.ung

I 0.018 0.047 - 5.0(-5) 1.8(-4) - 7(-4) 4(-4) 9(-4) 0.018 0.048 !)(-4)

11 0.018 0.047 - 1.5(-3) 5.0(-3) - 0.02!3 0.01(; 0.036 0.049 0.068 0.036

111 0.018 0.047 - 6.! )(-3) 5.3(-3) - 0. lC 0.056 0.13 0.12 0.11 0.13

Iv 0.018 0.047 - 3.0(-3) 0.010 - 0.47 0.25 0.59 0.49 0.31 0. 5!)

v 0.018 0.047 - 5.0(-5) 1.8(-4) “ 0.11 0.058 0.13 0.13 0.11 0.13

VI 0.018 0.047 - 3.0(-3) 0.010 - 0.0!)0 0,049 0.11 0.11 0.11 0.11

.
I Tab]e 251. The plutonium 30-yr integral dose to bone, liver, and lung via the three exposure pathways. This table

‘z assumes modified conditions.
4

Plutonium 30-y]’ integral dmej rem
.,

Modifiecl conditions

Marine Terrestrial Ildlalation Total

lJiving
patt(:rn 13011(’ Livt’r Lung Bone Liver L.u!lg ~011 C’ Liver Lung Bone Liver Lung

U I 0.018 0.047 - 5. 0(-5) 1. 8(-4) - 3(-4) 2(-4) 4(-4\ o, 018 0.047 4{-4)

o
m

II O. 018 0.047 - 1. 5(-3) 5. 0(-3) - 0.012 0.0066 0.015 0.032 0.057 0.015

b III 0.018 0.047 - (;. 9(-3) 5. :;(-:3) - 0.045 0.024 0.056 0.070
z

0.076 0.056

n
I\, 0.018 0.047 - :;. 0(-3) 0.010 - (J. 0!)2 (). 050 0.11 0.11 0,11 0.11

~ \. 0.018 0.047 - 5.0(-5) 1.8(-4) -
<

0. 04.5 0.024 0.056 0, 063 0, 071 0. 05G

E
i’ I 0. (Jl[) o. 04’7 - :;. 0(-3) 0.010 - 0.058 0.031 0. o’i2 0.079 0, 088 0.072

——



APPENDIX III

REVIEW OF RADL4TION PROTECTION STANDARDS

The Task Group has considered a number of concepts in devising an
approach to guidance for cleanup and rehabilitation of Enewetak Atoll,
accepting some and rejecting others. Notably, the cone ept that A EC

recommendations should consist of a series of alternatives or fall
back positions with the degree or level of radiation exposure reduction
ultimately determined by scnne later deliberation based on factors
such as availability of funds was rejected. The consensus of the

Task Group opinion was that these recommendations should be
specific and unequivocal, and should establish a clear position on
what is needed. To do less would be unfair to the Federal agencies
who have accepted responsibilities to perform the rehabilitations and to
the Enewetak people who are looking to this agency for advice.

The judgement of the Task Group is that rehabilitation must conform
with current radiation standards applicable for normal operations (not
for accidents or for radiation workers) and with good health physics
practice in implementing these standards. A summary of current radia-
tion protection standards and material related to health risks that may be
associated with the standards re~iewed and radiation criteria recommended
by the Task Group follows.

A. Federal Radiation Council (FRC)

Basic FRC numerical guidance and health protection philosophy
are similar to those of the ICR.P and NTCRP. Radiation Pro-
tection Guides (RPG’ s) are provided which deal with exposures
of indi~iduals and of population groups. Actions are to be di-

rected primarily toward control of the sources oi radio acti-tity to
restrict entry into the en’.ironment but also toward control of
radioactive materials after entry into the entironmd in order
to limit intake by humans. The RPG’s express the dose that

should not be exceeded v.ithout caref’.l consideration of the
reasons for doing so. E\-ery effort should be made to encourage

the maintenance of radiation doses as far bclov- this guide as
practicable. The RPG’s are intended fcr use ~,r.ith normal peace-

4

time operations. There should be no man-made radiation exposure
without expectation of benefits from such exposure. Considering

such benefits, ex-posure at the level of ~he RPG is considered as

an acceptable rislc for a lifetime. The RFG’s for the population

are expressed in terms of annual exposure, except for the gonads,
where the ICRP recommended ‘~alue of five reins in 30 years is

III–1
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used. FRC states that the operational mechanism described
for application of criteria to limit the whole body dose for
individuals to O. 5 rem per year and to limit exposure of a
suit’able sample of the population to O. 17 rem per year is
likely to assure that the gonadal exposure guide will not be
exceeded.

The child, infant, and. unborn infant are identified as being more
sensitive to radiation than the adult. Exposures to be compared

with the guidance are to be derived for the most sensitive members
in the population. The guide for the individual applies when in-

dividual exposures are known; othervris e, the guide for a suitable
sample (one-third the guide for the indi~tidual) is to be used.
This operational technique may be modified to meet special
situations.

The FRC primary numerical guides, expressed in rem, are
protided in tivo reports, FRC Nos. 1 and 2, summarized in

Table I. Secondary numerical guides developed by FRC are
expressed in terms of daily intake of specific radio nuclides
corresponding to the annual RPG’s. Consideration is given
to all radio nuclides through all pathways to derive a total
annual exposure for comparison with FRC guides. However, for

many practical situations, relatively few radio nuclides yield the
major contribution to total exposure; by comparison, exposures
from others are very small.

TABLE I

FRC RADLATIORT PROTECTION GUIDES ~’

INDIVIDUAL

lVhole body O. 5 rem/yr

;;~:~:d ~/ 1.5 rems/yr

Bone marrow O. 5 rem/yr

Bone
3/

1.5 rems/yr

Bone (alternate – 0.003 ~g of
guide) 226

Ra in adult
skeleton

POPULATION GROUP

O. 17 rem/yr
5 rems/30 yrs
O. 5 rem/yr
O. 17 rem/yr
O. 5 rem/yr

0.001pg of
226Ra

in adult skeleton

1/ For conditions and qualifications see FRC Report hTos. 1 and. 2.—

~/ Based upon a child’s thyroid, ~ gms in ~veight and other factors
listed in paragraphs 2.10-2.14 of FRC Report Nlo. 2.

226Ra
~/ Or the biological equivalents of these amounts of .

DOE ARCHIVES
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B. The InternationalCommission on Radiological Protection (ICRP)

The ICRP originated in the Second International Congress of
Radiology in 1928. It has been looked to as the appropriate
body to give general guidance on w-idespread use of radiation
sources caused by rapid developments in the field of nuclear
energy. ICRP recommendations deal with the, basic principles
of radiation protection. To the ~-arious national protection
bodies is left the responsibility for introducing the detailed
technical regulations, recommendations, or codes of practice
best suited to their countries. Recommendations are intended

to guide the experts responsible for radiation protection practice.

ICRP states that the objectives of radiation protection are to
prevent acute radiation effects and to limit the risks of late effects
to an acceptable level. It holds that it is unknown whether a
threshold exists, and it is assumed that even the smallest doses
involve a proportionately small risk. IVo practical alternative

was found to assuming a linear relationship between dose and
effect. This implies that there is no wholly “safe” dose of
radiation.

Exposure to natural background radiation carries a probability
of causing some somatic or hereditary injury. However, the

Commission believes that the risk resulting from exposures
received from natural backgrour.d should not affect the justification
of an additional risk from man-made exposures. Accordingly,

any dose limitations recommended by the Commission refer only
to exposure resulting from technical practices that add to natural
background radiation. These do= e limitations exclude exposures
received in the course of medical procedures. (These same

qualifications with regard to natira.1 background and medical
procedures are applied to N CRP and FRC recommendations.)

ICRP developed the concept of “acceptable risk. “ Unless man
wishes to dispense with activities involving exposures to ionizing
radiation, he must recognize that there is a degree of risk and
must limit the radiation dose to 2 level at which the assumed
risk is deemed to be acceptable to the individual and to society
in view of the benefits derived from such activities.

For planned or controlled exposures of individuals and populations,
the ICRP has recommended the term “dose limit.“ Recommended
dose limits are thought to be associated with a very low degree of
risk. For unplanned exposures from uncontrolled sources
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the term “action level” is recommended. In general it
will be appropriate to institutecountermeasures only
when their social cost and risk will be less than those resulting
from the exposure. Settingof action levels is the responsibility
of national authorities.

It is not desirable to expos e members of the public to doses as
high as those considered to be acceptable for radiation workers
because children are involved, members of the public do not
make the choice to be expo seal, and members of the public are
not subject to selection, supervision and monitoring, and are
exposed to the risks of their own occupations. For planning

purposes, dose limits for members of the public are set a

factor of ten below those for radiation workers.

The ICRP dose limits for individual members of the public are
presented in Table II. NO maximum “somatically significant”
dose for a population is given. The genetic dose to the population
should be kept to the minimum amount consistent with necessity
and should not exceed 5 reins in 30 years from all sources other
than natural background and medical procedures. NTO single type
of population exposure should take up a disproportionate share
of the total of the recommended dose limit.

TABLE II

1/
ICRP DOSE LIMITS –

Individuals Population

Gonads, red O. 5 rem/yr
bone-marrow

Skin, bone, 3.0 rems/yr “

thyroid

Hands and forearms; 7.5 remslyr

feet and ankles

Other single organs 1.5 rems/yr

Genetic dose 2’ 5 rems/30 yrs

~/ For conditions and qualifications see ICRP Publication 9.

~/ I. 5 rems/yr to thyroid of children up to ]6 years of age.

~/ See paragraphs 84, 85, and 86, ICRP Publication 9.
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c. National Council on Radiation Protection and Measurements’: (NCRP)

The NCRP position is that the rational use of radiation should conform
to levels of safety to users and the public which are at least as
stringent as those achieved for other powerful agents. Continuing

and chronic exposure attributable to peaceful uses of ionizing
radiation are assumed.

The NTCRP has adopted the assumption of no-threshold dose-effects
relationship and uses the term “dose limits” in providing guidance
on population exposures. All radiation exposures are to be kept

as low as practicable. The numerical values of exposure as pre-

sented are to be interpreted as recommendations, not regulations.
Use of the no-threshold concept involves the thesis that there is
no exposure limit free from some degree of risk.

To establish criteria, NCRP uses the concept of “acceptable risk”
(where the risk is compensated by a demonstrable benefit) broken
down to fit classes of individuals or population groups exposed
for various purposes to different quantities of radiation. Numerical
recommendations for dose limits are necessarily arbitrary because
of their mixed technical value -judgement foundation. The dose limits

for individual members of the public and for the average population
recommended by A-CRP represent a level of risk considered to be
so small compared w-ith other hazards of life, and so well offset
by perceptible benefiits when used as intended, that public appro-
bation wtill be achiex-ed when the informed public review process is
completed.

For peaceful uses of radiation, NCRP provides yearly ”numerical
dose limits for individual members of the public, considering
possible somatic effects, and strongly advocates maintenance of
lowest practicable exposure levels, especially for infants and the
unborn. NCRP also recommends yearly dose limits for the
average population based upon somatic and genetic considerations
and recommends the same value as ICRP of 5 reins in 30 years for
gonadal exposure of the LT. S. population. Table III contains a
summary of recommended values. N:CRP Report N-o. 39 en-

4

titled, “Basic Radiation Protection Criteria, “ dated January 15,

1971, contains the most recent updating of INCRP recommendations
for protection of the public.

:~:Forrnerly known as the A-atioml Committee on Radiation Protection

and Measurements.
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TABLE III
1/

NCRP DOSE LIMITS -

Whole body

Gomds
.

3/
Gonads (alternative -

objective)

Individual Population

O. 5 rem/yr O. 17 rem/yr

O. 17 rem/yr “

5.0 rems/30 yrs

D. Criteria Against Which Survey Findings and Alternative Measures
~~-ill Be E\.aluated

The Task Group approached the question of radiation dose criteria
from two directions. First, FRC, ICRP, and NCRP recommendations
re~tiewed above were judged as to applicability in this situation.
Second, a risk approach was rewiewed using information from
ICRP, UhL3CEAP., and the hlational .4cademy of Science BEIR
Committee. The results of this latter effort are summarized

in Part F which follows.

The radiological survey of Enewetak Atoll protides a comprehensive
data base needed to derive recommendations relative to the
radiologically safe return of the Enewetak people. These recommenda-

tions are to be based on an evaluation of the significance of all
radioactivity on the Atoll in terms of the total exposure to be ex-
pected in the returning population, and on consideration of those

reasonable actions and constraints which, where made, wtill result
in minimum e-xposures.

The guidelines used in deriting these recommendations can be
summarized as two interdependent considerations:

1. Expected exposures should be minimized and should fall in a
range consistent vith guidance put forward by the Federal
Radiation Council (FRC).

l_/ For conditions and qualificationson application, see NCRP
Report No. 39, “Basic Radiation Protection Criteria.“

~/ To be applied as the average yearly \-alue for the population of
the United States as a whole. See paragraph 247, NCRP
Report No. 39.

~/ See paragraph 247, NCRF’ Report No. 39. DOE ARCHIVES
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2.

In

Actions taken to reduce exposures should be those which
show promise of significantexposure reduction when
weighed against totalexpected exposures and the “costs”
of the actions. “costs, “ in this context, are measured
primarily in terms of costs to the Enewetak people as
constraints on their activitiesor as dollar costs for
cleanup or remedial action.

these evaluations, it should be emphasized that dosages
through various pathways are estimated on the basis of-
entironmental data and considerations of expected living
patterns and dietary habits. While “radiation standards”
do not existfor environmental contamination levels in sub-
stances such as soiland foodstuffs, there is general agree-
ment in terms of conservative models of these pathways and
the relationshipsbetiveen a certain level in the en\cironment
and the likelydose to result from the pathway exposure.

The area of plutonium in soils, however, is one for which
there is no general agreement as to the quantitati~~erelationship
between levels in soils and dosages to be expected through the
inhalationpathway, the primary one through w-hichman can
receive a significantdose from plutonium. The lCRP recommends
a maximum permissible a\-erage concentration (NfPC) of 1
picocurie per cubic meter (pCi/m3) of air for “insoluble”
plutonium and O.06 pCi/m3 for “soluble” plutonium for un-
restricted areas. l{lilethe plutonium in the soilat Enewetak
is thought to be typical of world -wtide fallout, and therefore
insoluble, O. 06 pCi/m3 will be used for the sake of conservatism.

Appendix A of Enev.’etak Radiological Sur\’ey, KVO - 140, presents
IWO possible methods for deri~ting the exposures that may occur
through the inhalation pathway for plutonium in soil. (This is
the pathway of interest for the present although it is recognized
that for the very distant future, ingestion nlay become more

important by compari son. Table 250 of .+apendix II shows that

exposure to bone, liver, and lung from 23~Pu is expected to

be a few hundredths of a rem in 30 years for pathways other than
1

inhalation. ) This material is produced as Attachment I of this

section. The two methods presented are the “resuspension-factor”

approach and the ‘mass-loading” approach. Soil concentrations

of 23~Pu that would be associated v.ith the standard for 239Pu

in air (O. 06 pCi/n13) by the two methods are:

III–7
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Resuspension-factor approach . . . . . . . . . . . . . 1,000 pCi/g

Mass -loading approach . . . . . . . . . . . . . . . . . . . 600 pCi/g

A recent report, A Proposed Interim Standard for Plutonium
in Soils LA5483-MS, presents recorru-nendations derived

from estimates of ex osure through inhalation considering
the concentration of ~39Pu in the very top surface soil.

The folloting values were- recommended:

400 pCi/g - For all particle sizes provided no more than
200 pCi/g in < 100/mm size fraction.

A revised Maximum Permis sibIe Concentration, MPC, of
O. 3 pCi/m3 for indi~tiduals was used in these determinations.
The estimates apply to large area contamination. Levels
several times larger could be permitted for localized de-
position.

The Task Group recognizes that the islands of Enewetak Atoll
are small and that the areas of highest 239Pu in soil on these
islands are smaller still. Or, the other hand the people live
close to the soil. It is also recognized that experts are not

in agreement as to the critical organ for inhaled plutonium,
whether to use an average dose for this organ, or the model

to be used to predict dose. It is the tiew of the Task Group
that a~-ailable biological and emironmental information is
not adequate to establish general guidance for cleanup of
plutonium contaminated soil. However, guidance for a “
particular set of circumstances or conditions can be developed
on a case-by-case basis using conservati~-e assumptions
and safety factor. The follovting guidance is recommended
only for use in making decisions concerning plutonium cleanup
operations on islands of Enewetak Atoll:

1. Any areas or locations where soil concentrations of
239=

are greater than 400 pCi/g should receive corrective action
\\ith contaminated soil removed for disposal.
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2. Situations with soil levels in the 40 to 400 pCi/g range may
receive corrective action with each area or location evaluated
on a case-by-case basis.

The following guidance is provided for this evaluation:

a. Islands with soil levels in the above range” may be divided
into two categories, those of sufficient size for construction
of permanent houses, and those that are not.

b. Removal of 239 Pu contaminated soil is better justified tithin
the range above for the larger islands such as JARTET or
S.4LLY where permanent housing may someday be located and
for near surface locations on the larger islands.

c. The smaller islands may be considered of less concern. Their

long-term outlook is uncertain since they are sometimes in-

creasing in size and sometimes erroding away. Small islands

may be washed over by storm waves and are not a safe site
for permanent housing. From that ~iewpoint, they are in
the same category as unnamed sandbars along the reef where
other islands may ‘have disappeared or be forming.

d. The amount of effort that properly may be given to soil re-
moval in this range increases as the soil concentration
increases.

e. Once an action is taken, the objective is to achieve a sub-
stantial reduction in plutonium soil concentrations, and
further, to reduce concentrations to the lowest practicable level,
not to reduce them to some prescribed numerical value.

3. Areas or locations showing less than 40 pCi/g do not require
corrective action because of the presence of plutonium alone.

E. Recommended Guides

The standards issued by FRC are recommend as the basic guidance
for evaluation of exposures to individuals to Enewetak.
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This is recommended with provisos that:

1.

2.

3.

The full amount of the numerical values should not be used for
evaluating exposures from a single man-made source, in this
case radioactivity from weapons tests. This is applied so

that the Enewetak people till not be denied benefits of future
nuclear technology because they are receiting exposures from
man-made radiation at the maximum level of acceptable standards.

Environmental followup surveys and studies of radioactivity
levels in people are performed such that the full range of
radiation exposures of indi~tidual members of the Enewetak
population will be known.

Exposures of the Enewetak people are kept to the minimum
practicable level.

Survey, Cleanup, and Rehabilitation Evaluation

It is recommended in this context that:

1. The FRC Radiation Protection Guide (R PG’s) for individuals should
be used as the basic standard. The requirement is to assure

that exposures for continuous residence in Enewetak Atoll will
be well within the annual and 30-year criterion. l$%ile these
are conser~-ati~re standards from a health view point, there is
no built-in conser~-atism to account for uncertainty in pre-
diction of annual exposures to individuals. Because of the
complex circumstances of exposure and the many pathways,
each with its uncertainty, the Task Group recommends use
of 50 percent of the FRC annual standards for evaluation of
the many cleanup and rehabilitation alternatives at Enewetak
Atoll. This is not to be ttiewed as an attempt to establish new

standards but is considered to be a necessary precaution in
the application of current standards. The follo%ting values apply
for evaluation of alternatives:

Whole body . . . . . . . . . . . . . . . . . . . . . . 0.25 Rem/yr

Bone marrow .. . . . . . . . . . . . . . . . . . . 0.25 Rem/yr

Bone . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.75 Rem/yr

Thyroid . ..0.00... ● .*..**... . . . . . 0.75 Rem/yr
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2.

3.

4.

The Task Group recommends use of 100 percent of the FRC
RPG’s to evaluate post-cleanup and rehabilitation and post-
return conditions wherein direct measurement of levels
of radiation and radioactivity in foods and in people are
made. Under such conditions, dose estimates should be
subject to much less uncertainty. The requirement is to
assure that exposures are well within the FRC standards.
See Section A. of this Appendix for the FRC RPG’s.

The criteria for evaluating gonadal exposures at Enewetak
Atoll should be 4 reins in 30 years. The requirement is to
assure that long-term exposures till be well within this
criteria. The Task Group feels justified in using 80 percent
rather than 50 percent of the FRC standard since there will
be ample time to verify exposure estimates using actual
sampling of the diet and time to follow the changing pattern
of exposures of people.

The recommended guidance for cleanup of
239

Pu in soil

at Enewetak Atoll is:

a. < 4!) pCi/g - corrective action not required.

b. 40 to 400 pCi/g - correcti~’e action may be needed. Action
to be taken should be determined on a
case-by-case basis.

c. > 400 pCi/g - corrective action required.

In applying the criteria for bone and bone marrow in part 1
above, it is assunled that if annual exposures do not exceed
the applicable criteria in the year of highest dose, there will
not be a requirement for limiting longer term cumulative
exposures. On the other hand, implementation of the
“lowest practicable” concept w+ll require considerations of
effecti~’eness of remedial measures to reduce both annual and
longer term exposures to the extent practicable.

!

F. Risk Considerations

The Task Group and its technical advisors have re~iewed the
a~-ailable information fro~m ICRP, UILSCEAR, and the National
Academy of Science BEIR Committee that could be used to

111–1 1

DOE ARCHIV=



estimate the health risk that may be associated with long-term
exposures at the level of the radiation dose and soil removal
criteria being recommended. It is clear from this review that
knowledge of the relationship between radiation dose and effects
of that dose on man as characterized in dose-effect curves is
incomplete even for external radiation exposures. For internal
emitters and pa reticularly for plutonium, the situation is even
less satisfactory. UNSCEAR has summarized their findings
by stating that one should not extrapolate in a linear fashion
from effects seen at high doses and dose rates to effects at
low doses and dose rates since there is strong likelihood of
recovery and repair. The BEIR Committee, using only human
data, concluded that since the low dose data were incomplete,
one should conservatively assume a linear no-threshold dose-effect
curve drawn through data obtained at high doses and dose rates.
The committee further suggested that if this linear no-threshold
curve is assumed to be correct, it follows that 6, 000 cases of
cancer would be produced each year in a population of 200, 000, 000
people exposed at a rate of O. 17 Rem/yr. (This is the FRC RPG
for population groups - see Table 1. ) For the Enewetak population
of less than 500 exposed at the same level, one can make the
following estimate:

6 X 103 cases/yr X 500 people = 1.5 X 10
-2

cases of cancer/yr
2 X 1OH people

Using a linear dose-effect curve, exposure at the level of the
recommended criterion of O. 25 Rem/yr would gi~~e 2.2 X 10-2
cases per year. The Task Group ~tie~w this as a pessimistic
upper limit of risk. It could be inferred that there may be
between zero and three cases of cancer in 100 years if the
entire Enewetak population were continuously exposed to
O. 25 Rem/yr over that time period.

Most of the exposure to whole body, at Enewetak, and in fact,
to all organs will come from internal emitters. The shape of the
dose-effect curve for exposures from internal emitters is most 4
uncertain because of lack of experience and lack of confidence
in extrapolation of high dose and dose rate effects into the very
low dose and low dose rate situation. A lack of confidence in
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the statistics and risk estimate drawn therefrom has therefore
led the Task Group to have serious reservations about their
validity. The Task Group holds the opinion that such estimates
cannot be used in any definitive way to draw conclusions on
whether current radiation standards are too high or too low
or as a basis for decision-mating relative to resettlement of
Enewetak Atoll. While the risk associated with doses at the
level of current standards is possibly not zero, it is viewed
as being very low as described by FRC, ICRP, and NCRP.
The basic FRC standards, conservatively applied, are tiewed
as suitable for Enewetak rehabilitation provided there is also
a serious and concerted effort to keep exposures as low as
practicable.
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ATTACHMENT I

RELATIONSHIP BETWEEN RESUSPENDED PLUTONIUM

IN AIR AND PLUTONIUM IN SOILS
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L. R. Anspaugh
Lawrence Liver.more Laboratory
Livermore, California

There are no general models that may

be used with confidence to predict the

resuspended air activity in the vicinity of

an area contaminatedwithplutonium.

.

.
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However, two approximate methods may

be used — the resuspension factor ap-

proach and an argument based upon

ambient air particulate concentrations.

with the assumption that the particulate

are derived from the contaniinated sur-

face. The former method has been fre-

quently used, but almost always in the

contextofa freshsurfacedeposit. The

lattermethod isinappropriatetothe

freshdepositsituation,butshouldbe

reasonablyvalidafterenough time h&

elapsedforthesurface-depositedmater-

ialtobecome fairly well mixed with

few centimeters of the soil surface.

Resuspension Factor .qpproach

a

The resuspension factor, K, is defined

as
~ . Air concentration (Ci/m3)

Surface deposition (C1/m2) ‘

and thus has units of m
-1

. It is almost.
always implied that both measurements

are made at the same location. The diffi-

culties with this approach are fairly

obvious — no allowance is made for the

geometrical configuration of the source,

the particle-size distributions of the con-

taminant and the soil surface, vegetation

cover, etc. Stewartl and hIishima2

have tabulated values of K from mzny

experiments including those invol~ring

laboratory floors as well as native soils.

As would be expected, the tabulated

values cover an enormous rmge and vary
-~

fro,m 10 to 10-13/m. Most of the high

values, hoivcver, are derived from experi-

ments with laboratory floor surfaces and~

or with artificial ciisturbwce.

For outdoor situations, Stew’artl sug-

gests as a guide for planning purposes .

that a value for K of 10-6/m be used

“under quiescent conditions, or after

administrative control has been established

in the case of an accident. “ A value of

10-5/m is suggested under conditions of

moderate activity. Stewart states, how-

ever, that exceptionally higher values

(mean of 10-5/m) were observed during

the Hurricane Trial (hlonte Bello Islands)

and credited this to the nature of the

small islands exposed to sea breezes.

Values approaching 10-3/m when dust is

raised by pedestrims and vehicles are

also reported by Stewart.

Kathren3 has also considered the re-

suspension factor approach and has

recommended the use of 10-4/m as a

conservative but appropriate value for

setting standards for PU02 surface con-

tamination.

Langham
4, 5

has suggested that a

value of 10‘6/m is a reasonable average

value to use in estimating the potential

hazard of occupancy of a p!utonium-

contaminated area. At the same time,

however, Langham notes that many
-5 .

measured values lie in the range of 10

to 10-7/m and reports that his own

measurements in 1956 produced a value

Of ’ixlo ‘5/m.

These recommended values, however,

are all intended ior application during the

time period immediately follo~$ing deposi-

tion. L-urnerous studies
1, 5-8

have shov:n ,

that air concentrations of resuspended

materials decrease ivith time. i~ith the

assu~.;>?io? t!iat this decr?ase can be

represented by a singie exponential func-

tion, half-times of 35 to 70 days have

been reported
5, 7, i3

. This decrease in

air activity is not explainable by the

relatively minor 10ss of material from

the initial site of deposition
1, 6

, but is
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presumably caused by the migration of

the initial surface-deposited material

into the soil.

Attempts to use tl]e resuspension

factor approach to derive acceptable

levels of soil surface contamination have

included this “attenuation factor” as a

simple exponential function with half-

times of 35 or 45 days 3, 4
. There are

major uncertainties in such a formulation,

however. The longest study of this de-

crease with time extended to only- 11 mo

following the initial deposition, which

is extremely short compared to the half-
239fi

!ife of a radionuclide such as .

There are also published reports ~!hich

indicate on experimental and theoretical

bases that the decrease ~rith time will

rmt be adequately represented by a single

exponential function, but that the rate of

decrease itself will also decrease with

time” 6. Fortunately, the exact nature

of this time dependence is not critical in

determining the integrated exposure from

the time of initial deposition due to the

fairly well-documented rapid decrease at

early times. However, it is obviously

the controlling factor fGr questions con-

cerning the reoccupation of areas many

years after the contaminating event.

As an illustration, the most conserva-

tive published model (Kathren3) may be

used to calculate a resuspension rate for

material 15 yr after deposition: .

= 10-4’/m.

If, however, the resuspension rate

asymptotically approached some finite

value 10-6
of the original, then the resus-

pension rate 15 yr later \vould ob~’iovsly

be 10-10 /m. However, the total inte-

grated air activity (from t = O to 4 for
239

Pu wGuld be changed only by

J
m

AX 10-4 exp (- O. 693t/45d) dt

o

{

a

+AX1O
-lo

exp (-O.693t/24,400y)dt
o

= 6.5AX 10-3 -3
+1.3AX1O ,

!vhich is an increase of 20r., and more

importantly, cannot be accumulated dur-.
ing an individual’ s life span.

Because the functional nature of the

decrease in resuspension rate with time

cannot be confidently extrapolated, pre-

viously published models sk,ould not be

applied to the reoccupation of areas many

years after the contaminating event.

The resuspension-factor approach can

be applied in an approximate way, how-

ever, if resuspension factors are used

which were deri~-ed from measurements

over aged sources. Perhaps the most

relevant data are unpublished results

from current resuspension experiments

at the GNIX site in Area 5 of the Xevada

Test Site. The 239 Pu at’ this location

‘was deposited follo~ring 22 high-explosive

detonations during the perioa from

December 1954 to February 1956.

I,leasuremcnts of resuspended air activity

levels at this site during 1971-1973

appear to be the only available data con- ‘

cerning resuspension of 239Pu frGm a

source of this age.

Data from t“ n t:..pes oi .measurem. ents

are available azd can be used to derive

average resuspension factors. The first

type of mcasurerncnt9 uas accomplished

by placing five h,igh-~>clume cascade
10

impactors v~’ithi.n the most highly con-

taminated area, and running them for
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36 days, from July 7 to -August 12, 1972.

The collected
239, 240

Pu activity was

distributed lognormally j~ith particle

size with an activity median aerodynamic

diameter (AMAD) of 3.0 urn and a geo-

metric standard deviation of 8.2. The
239, 240 I% concentration varied from

1.0x lo-14 t03.9xlo
-14

pCi/cm3,

with an average of 2.3 X 10-14 #Ci/cm3

forthe five samplers. .M the present

time only limited data are available re-

garding the soil activity in the area. -

Four soil samples of depth O-3 cm from

approximately the same location have

been analyzed with results
11 of 2060 tO

3550 dpm/g, with a mean of 2700 dpm/g.

Profile data from other locations at the

same general site indicate that about 90?’o

of the total deposition is cantained w’ithin
12

the top 2.5 cm of the soil . IUeasure-

ments of s~l density in the area average

1.8 g/cm3 . The resuspension factor

is therefore

2.3 X10-14 uCix _ ~xd
cms 2700 dpm 1.8g

~’o.9 ~ 102 cmX 2.22 X 106 clpm
3 cm m ~Ci

= 3X 10-lO/m.

Additional air samples ~vere taken by

the Reynolds Electrical and Engineering

Co. (REECO) on the edge of the contamin-

ated area during the pericd of February

1971 to July 1972, with a sampling time
13

of approximately 48 hr . Measurements

were made at four locations, but the

most pertinent is the one w~.ich was most

frequently in the direction of strong winds

from the strongly contaminated area and

where the highest air activities were

recorded. Here, 254 indix.’idual air-

filter samples were collected and detec-

table results reported for 236. 239” ‘Pu
-17

concentrations ranged from 3.5 X 10

to 6.3X10
-13

~Ci/cm3, with arithmetic
-15 ~d

and geometric means of 6.6 X 10

7.9 x 10-16 pCi/cm3, respectively. Re-

sults for foursoilsamples takenfrom

approximatelythe same locationrange

from 128 to 202 dpm/g, with a mean of

160 dpm/gll. Because the arithmetic

mearn is a better representation of average

lung exposure, it is used to derive a re-

suspension factor at this site:

6.6 X10-15#Ci xJ_)@d
cm~ 160 dpm 1.8g

X0.9 x 102 C,m~ 2.22 X 106 dpm
3 cm m pCi

= 2 X 10-g/m .

This valueisnearlyan order ofmagni-

tudehigherthantheone previouslycalcu-

lated,and reflectssome oftheinherent

difficultiesintheresuspension-factor

approach, L e., thatno allcnranceismade

forthegeometricalconfigurationofthe

source and thathigherground activities

may be presentupwind.

R isobviousthatthisapproachissub-

jectto major uncertainties,butdoes

serve as an order-of-magnitudeindication

oftheresusperidedairacti~’itiesthatmay
239,240

arisefrom a Pu contaminated

area v’hichhas weathered for 15 to 20 yr.

The data discussed above also demonstrate

unequivocally that resuspension of t
239, 240

Pu does in fact occur from such

agea d~posits and at ievels many orders

af ~,ag.nit’~c?c higl:er than ‘,vould be ex-

pected ii the often ncted decrease with

time v;ere represe~tcd by a single exponen-

tial function w’ith a half-time of 35 to 70

days.
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Mass -Lc~adinq .~p~>roach

The other approximate prediction

method is based upon measured or

assumed le~”els of particulate matter in

ambient air w’ith the assumption that this

material is derived fro~. the contaminated

soil. For fresh deposits this approach is

not valid because the freshly deposited

debris is much more likely to be resus-

pended than the remainder of the

weathered soil surface. After many

years otweathering since the initial

deposition, howe\rer, the contaminating

material should be reasonably w’ell mixed

with a centimeter or two of soil, such

that the contaminant activity per gram of

airborne particulate should approximate

that in the upper soil. However, a major

difficulty could arise if, for example,
239, 240

Pu w’ere preferentially associated

with the smaller particle sizes more

lik_ely to become airborne. For the

Nevada Test Site, such is not the case as

determined by soil an~yses
14

and by the

high-volume cascade impactor study.

The latter study found an .AII.AD of 3.0 ~m
for 239, 240

Pu, Ivhereas the total mass

median aerodynamic diameter was I.’i pm.

The specific acti~-ity of the material col-

lected on each stage can also be examined

for a preferential association of plutonium

with particle size. .Iverage data from all

five samplers are:

Size, ~m
~39, 240

%, d~m,/g

>7 950

3.3t07 700

2.0to 3.3 1030

1.1t02. o 1300

0.01 to 1.1 480

All stages 890

(Soil) (2700)

.Wthough there is considerable spread

in these data, there is no indication of a

preferential association of 239’ 240Pu

with a particular particle size; as would

be expected as a resl]lt of dilution by inert

aerosol, the specific activity is lower

than that of the soil.

If we assume that this is generally

true, a general and conservative. method

of predicting resuspended air concentra-

tions of contaminants would be to simply

multiply the ambient air mass loading by

the contaminant concentration in soil. A

factor of some uncertainty for a specific

calculation is w’hat value to use for- the

ambient air mass loading in the absence

of specific data. This becomes even

more uncertain because of the possibility

that the people involved may be highly

correlated with the source in the sense

that children playing in smd, adults Cul-

tivating crops, etc., may generate their

own “ambient air” which contains much

more mass than would be recorded by a

remote stationary sampler.

The lo~ver and upper bounds of ambient

air mass loading can be” fixed rather

easily for any site. There has been con-

siderable interest in establishing a

“back~rcmnd le~-el “ of mass l~a.ding, and

this is general!y believed to be about
3 (:5)

10~g/m , The upper bound can be

established in a reasonable way by the ‘

levels found in mine atmospheres ~vhich

ha’.”e led to a consider~b!e prevalence of
~~

pncumioconi Gsls in the a!”:c c(cd ~1.,rkurs .

small, or perhaps no margin of’ safety,

such that a reasonable upper bouzd can

be taken as 1 rr,g/ r)3. ~riti~i] data17
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indicate that if the general public were

exposed to dust levels in excess of

1 mg/m3, the publichealtilproblem from

the dust alone might be enormous. The

reasonableness of the upper limit value

of 1 mg/m3 is also demonstrated by data

which indicatethatnonurban ambient air

mass concentrationsthishighare usually.

associated with conditions described as

dust storrrs18’ 19.

Measurements of ambient air mass

loadingcan be used tofurtherdefinea

reasonableestimateforpredictivepur-

poses. The NationalAir Surveillance

Network (NT.ASN)has reportedsuchresults

for severalyears. Data20 for 1966 show

thattherewere 217 urban and 30 nonurban

stationsreporting. The annualarithmetic

average fortheurban stationsranged

from 33 (St.Petersburg, Florida)to

254 ~g/m3 (Steubenville,OhiO),~~itha

mean arithmeticaverage forall217

stationsof 102 ug/m3. For thenonurban

stations,therange was from 9 (White

Pine County, Nevada) to 79 #g/m3 (Curry

County, Oregon), with a mean arithmetic

average for all 30 stations of 38 pg/’ m3.

No data in this report are available for

nonurban locations on small islands simi-

lar to the Enew’etak group; perhaps the

closest analog is the urban station at

Honolulu, Ha~vaii, which had an anrr~al
3

arithmetic average of 35 ~gjm .

hlore pertinent, btit limited, data hz~’e

recently been published for the island of

Hawaii21’ 22. Data are giver, fo~ three

locations: 31aur,a Loa C)bservatory

located at a height of 3400 m, Cape

Kumukahi, and the city of Hilo. XASN

data for Hilo (for an unspecified period)

are gi\’en as 18 Pg,’ m3, and nephelometer

measurements varied from 18 Bg/m3

during the day to 26 ~g/m3 at night. -M

Cape Kumukahi the nt’phelometer measure-

ment was 9.2 pg/m3. The greatest amount

of data is available for Mauna Loa C)bserm -

tory. Here, the NASN measurement was

3 pg/m3, and the nephelometer measure-

ments varied from 1.7 Mg/m3 at night to

6.5 pg/m3 during the day. Additional

measurements made by the USAEC Health

and Safety Laboratory (HASL) were

3 pg/m3. It is of interest in the present
22

context that Simpson made the following

comment concerning the HASL measure-

ments: “The HASL filter samples contain

substantial dust (3-5 Vg/m3 of air sampled)

because of the fact that the filter was

located less than one meter above the

ground surface near areas with substantial

personnel activity at the observatory site. “

Thus, while this method of measurement

may not have coincided ~rith Simpson 1s

interest, it does indicate that ambient

air mass loadings may be very low on

such remote islands even when consider-

able human activity is occurring nearby.

Cn the basis of the above data, it

would appear reasonable to use a value of

100 pg~m3 as an average ambient air

mass loading for predictive purposes.

Indications are that this vaIue should be

quite conservative for the Eneivetak

Islands, and therefore allo~vs room for

the uncertainty involved because the people $

themsel~;es may generate a significant

fraction of the total aerosol. Therefore,

they may be e:cp~seti to high~r particulate

concentrations thzn would be measured by

a stationary sampler.
3.Supporting e’,’ldenee that 100 Eglm Ls

a reasonable value to use for predictive

purposes is provided by the National
23.Unbient Air Q’~ality Standards . Here
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ambient air is defined as “. . . that portion

of the atmosphere’, external to buildings,

to which the general public has access. “

The primary ambient air standards define

“levels which. . . are necessary, with an

adequate margin of safety, to protect the

public health. “ The secondary standards

define “levels which . . (are). . . necessary

to protect the public welfare from any

known or anticipated ad~’erse effects of a

pollutant. “ These standards for particu-

late matter are given below:

National ambient air quality standards
for particulate matter, ~g/m3.

Annual Max. 24-hr crrrentratbn
geometric not to be exceeded more

mean than once a yezr

Primary:

75 260

Secondary:
60 130

Data to support these standards in terms

of health effects, visibility restrictions,
’74

etc. have been pro~’ided .

An arithmetic mean would be more

desirable for predictive purposes. Data

from 19662’fornonl~rbanlocationsindi-

cate thattheannualarithmeticmean is

(on the average)1207.oftheannual

geometric mean.

Representative Calculations

Because one of the primary objects is

to derive an acceptable soil level for the

Enewetak Islands, the approaches devel-

oped above were used to derive such

levels for both soluble and inscluble

239PU. The derived values are given in

Table 151. The two methods agree within

a factor of t~vo, at least for soil distribu-

tions like those found at the Nevada Test

Sitee The ambient air mass loading at

Table 151. Acceptablesoillevelsof
239

Pu for a source which has ~veatheredfor
several years. Values are apprcmimate 2Ed are subjc. rt to cncertzinty.
Permissible Concentration in Alr ior 169-hr occupational exposure
(AlPca)25 .

Insoluble Soluble

Acceptable air concentration, MCi/ cm3 10-12 6 X 10-’4

Resus~ension- factor z~~roach

Assumed resuspension factor, m
-1

10-9 10
:9

Acceptable soil depositions, ~Ci/m2 103 60 f

Acceptable soil concentration, nCi; g 20 1“

. .

Assumed mass loading, ~g/m3 102 102
Acceptablesoil concentration, nCi/g 10 0.6

aEquivalent to approximately 104 IJg of insoluble
239

Pu,/m2.

b 239
Assumes same distribution of Pd w-itk depth and soil density as measured at
the Nevada Test Site.
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NTS during the cascade impactor run was

measured to be 70 ~g/m3.

Such derived values must, of course,

be used with a great deal of discretion.

They are based on simple model systems

which are believed to be gefierally con-

servative, but individual situations can be

imagined which could exceed the predic -

tions.

Other Considerations

The above calculations relate only to

the resuspended air activity in

.’

Table 152. Decisionlevels
26

ambient

air, and do not consider the additional

problems of resuspension of material

from contaminated clothing or the resus-

pension of material which has been trans-

ferred to homes.

Healy
26

has considered these and

other problems, and has provided tables

of “decision levels” for surface contamina -

tion levels ad home transfer levels.

decision level is based upon National

Council on Radiation Protection and

Measurements (NCRP) recommended

A

dose limitations. Because the derivations
.

for soluble 239 Pu, and their equivalent in soil mass

based upon the “acceptable soil concentration” from Table 151.

Pathway Decision level Xlass equivalent

A. Direct personal contamination

Direct inhalation 2 X 10-5 nCi/cm2 1 X 10-5 g/cm2

Direct ingestion O. 2 nCi/cm2 O. 2 g/cm2

Skin absorption 8 X 10-4 pCi 0.8g

B. Transfer (to homes) levels

Resuspensiond 0.01 pCi/day 10 g/day

Direct inhalation 0.01 pCi/day 10 giday

Direct ingestion 100 ~Ci/day 105 g/day

Skin absorption O. 03 pCi/day 30 g/day

a“The contamination level on clothing and skin that could result in inhalation of air

at the MPCa for the public.
,,26

b“The contamination level on skin or clo:t:ing that could result Ln ingestion of a.
quantity of radioactive material equivalent to the Iwestlofl Of J’:ater a: the i~l~cw

~,z~
for an in fii~-idual in the public.

C“The total quantity of rad:ozcti.Je material main! zined on the skin for 24 h/dzy that

could result in absorption of a quar.tity equal to that ~,’;hicti Ivculo be ab~crbed fro]n

the GI tract if water at the IUPCW for “soluble” isotopes far an ln~17~rid1~alin :~ie
,,~6

public v;ere ingested.

“’The amoun+ transferred per da~r that could result in sir concentrations due ~0. . .

resuspension in a rr;cdium- sized home avzra@. g at the lIFJCa for an individual in

the public.
,,26
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are rather tenuous, Healy has used the

phrase decision level and states that its

use is to serve as a signal that further

careful investigation is trarranted.

Healyt s decision levels for soluble
239

Pu are given in column 1 of Thble 152.

The values in column 2 are derived from

these and an acceptable soil concentration

of 1 nCi/g from Table 151 to give equiva-

lent dirt (soil) contamination and transfer

levels. The results are interpreted as

indicating that the potential exist= for

greater dose contributions from these in-

frequently considered path~says than from

the usually considered path~~ay of resus-

pension as calculated for ambient air.

This conclusion would be the same for

insoluble 239PU. Therefore, if dose

calculations based oh the usual resus-

pension path~vay should appear limiting

compared to other patkways such as food-

chain transfer, these pathtvays considered

by Healy need to be carefully evaluated

for the specific Enewetak situation.

111–23
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1. Introduction

The purpose of this apFenciixis to evaluate the Fctential annual

bone doses far adults and children for the six living ~atterns considered

in the Enewetak Radiolo~ical Suxwey ReFxt (Kvo-lbo). ~he bone doses

presented in KVO-140 were calculated far xineral bone i’~~ adults as

integrated doses for 5-, lC’-, 30-, and 7C-yr peri~ds. Sone and wh~le-

body doses to children were not considered separately because in most

adults.

aoult

the ~irz%

doses Cy

in the tables.

Because of the mgnitude of sax of the 3Gyr inte~ral bone doses, it

was decided that e.r.n’~albme doses sh~uld be evaluated ta in5icate the

living patterns anc agricultural situatims which are ‘.;izhinFRC guiies

for ann’x21bone cases. The core detailed assessment of hme doses is

directed at est~ting the dose to the critical cell Fcpulatim at risk
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in bone - the ‘cone=mrcw - rather than to the entire bme mss, as was
.

calculatetiin the srigiml re~art {:?JC-140). L-i adopting this approach,

af the ICRY (ICR?-11)

infomatim a~’ailable

ani children relative to adults, and
●

also the dietarj ckm~es ‘~-hichare ass~ced for children.

the

the

There is

huram ‘creast

ratio exists

factor of 2 acr3ss

of 0.1 to 0.16 fo?’

the placental

milk or fetus

the range of values

DOE ARCHIVES
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\,
.

As a result, the Sr/Ca ratio in the fetus and ne-~bornis approximately

1/8 to 1/10 that of the adult, and the resulting dose to the fetus is less

than that to adults.

The dose t~ a young infant being breast fed will of course also be less

than that calculated for adults. The OR

0.9; l,k
that is, the youn~ ini’antnearly

Howeverj the mthers’ milk, as discussed

body/diet for young infants is

equilibrates with his diet.

previousQ, has a Sr/Ca ratio

- 0.1 that of the adult diet. The OR bat!y/dietthen ciecreasestc 0.5 f>r

9 lG 11
in repsrts by Runtio, i~q~~ et al. , and Ca{>kagd Snj’tier, the dose.—

137
calculated for an adult for Cs is a conservative esti~at.e for the fetus

and the newborn.

137C5 — R c~nsi~era~le body of eV~~Z9Ce is available which indicates

that the half-tine far
137

Cs in the body is a function of age, with a mre

1~.14
rapid turnzwer for youn~er ages. The biological half-time a~pears to

DOE ARCHIVES
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be the order C: 10-15

- 100 days by age 20.

adult life. The body

1- to 2-year-old children and increases
●

re~ains reasonably cor.stantthraughcut

=ss is less f’or the youn~er a~e groups, and these

two factors tend to affset each ather in dose calculations. Doses to

children are general~~ less than fsr adults as a res’~lt of the combination

of these t-m offsetting factors. “&P.znthe relative distary intake is

included, children receive a lesser dose than adults. Therefo;e, dwe

of these factors, as ‘iellas the difference in dietary

ingested
90
Sr are ccxsidered to be age invariant.

1840

i.r.ta’ke.

Amy

deFendezce

The rcodei.

A

Bennett16 dces mtiei the child seFaratelJ’from the adult,

recent model f’rm

and this model is

DOE ARCHIVES
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The bone-marrow dose-rates to children are calculated by $mzbining

Bennett’s mdel for children with the approach de\”eioFedby Spiers
21

22
and used in the UXC”A report for estimating bone-=rrow dose from

the mineral or matrix bane dose. The values used for converting Do

doses, ta bone-rcarrowand endasteal cell dcs,es,are 0.314 and 0.434

respectively. Bennett’s mdel alsa extra~olates to the adult case ad
●

is combined with the Spiers approach for predicting the bone-~rrox

doses to adults.

both children and adults, the bor,e narrow is taken as the critical organ,

24
and the recouendatims in IC:3T 11 are used.

In this zndel the quality factor is still one (v- = 1), and the ‘n”

factor is no longer applicable. The bone !’sarrow is cmsidered in the

category of sessitive blood-forning organs, and the corres~mding dose

guide for such

mineral bone.

or~ans is 0.5 rem/yr rather than the 3 rein/yrfor

DOE ARCHIV~
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137c~
– In the dose moael for

137
Cs, it is assumed that the loss of

137
.

Cs frcn the bady can be described as an exp~nential loss with a

turnover ti~e that varies as a function of age.
lo-lk

The annual dose

is calculated, always takin~ into account the residual bcdy burden fron

the previous year. Body mass as a function ~f age is taken frmn Spisrs.
21

Initial dietar~ intakes are calculated and d~ses are predicted, based

upon the initial intake ard the exponential loss of
137

Cs in ;he diet at

137c~
a rate equal to the physical half-tti.e of .

Diet - The diet far a5ults is that listed in the criginal report

NVO-140. I’crchildren frwi a~es 1 throu~h 10, the intake gf coccnut

milk and coccnut r.eat is d:ubled t~ 600 and 2:2 g/cay, respectively.

These two ~r~ducts are the c.~st lik~ly to “Pecons~xed i~ greater quzrt~ty

~Y

to

From inf~rz.ationavailable, this is a conservative assuz.ptionin that

at lG yr (i.e., ~ancianus,breadfruit, cocanut, etc., which become

available) it is convenient t~ use this point for adjustin~ the child to

the adult diet, and if’ afiything, this adjust~ent praduces a slightly

conse”native dase estixate for the children due to the high
gc~r Cantent

in the adult d:et.
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5.

and

Results
●

The results of the calculations based upn the xsodelsdescribed akove

upon the diets listed in 17JG-l~Sand altered for children as previously

discussed, are listed in Tables 1-8. The data are Fresented as maximm

Th= living Fatterns are listedannual bone-zxmrow arid whole-boiy doses. - .

after Tables 1 ~ni 6 for

those listed in i,WO-1~0.

The annual doses for

convenier.ceof reference’;they

extem.al ex~osure and f9r fcoa

are the same as
●

chain exposure

at either a~e

for the years at which tb.e sun of these three conponen.tsxas mximm.

The =xinuz annual bme-~arrax doses are listed in Table 1 for the

case “where,no restrictions azze~lacea u~m the locatieilcf agriculture and

source of the diet send

village island. Table

no modifications are rade far external

2 lists the results far the case where

gama cn the

no restrictions

DOE ARCHI~
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are placed upon the diet but where the villa~e island has beeg mdified

by plowing and graveling. Living Pattern 1, where the home island and

agriculture are on s~uthern islands, is the cmly living Fattern for thzse

two situations where the total bone-rarraw doses do not exceed 5~0 of the
.

FRC guide; in this instance, it is less by a-fact~r of 5. #.11 other

living patterns lead to an annual dose which far at least 1 yr, and in
.

most cases several years, exceeds the Fi?C guise.

The results also indicate that there is nat a ~reat deal of difference .

between the pre~icted child and adult ‘~~immennuai doses. This is due.----

actior.,three livin= Fatterns fall within 5C5Lof the FRC guide - Pattern-s1,

2,

to

and 5. When pandanus, breac:?ruit, coconut, and tzcca are all confine:

(Table 4). If the tatal diet is cenfined to the southern islands, then

all living ~tterns are within FF~Cguide, az~ the only variation amng

living patterns is the result of the difference in external exposure for

each of the situations (Table 5). For all the cases %-here there is a

restriction”an the a~riculture arid dietj it is assms~ the ‘{illage islariti

DOE ARCHIVUwill be plowed and gra~-eled.

.
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Similar results for whole-body ex~osure for the four different

agricultural situations are preserited in Tables 6-lG. With no

restrictions on the diet, Living Patterns 1, 2, and 5 are under l’RC

guides. Therefore, the bone-~arrw is the more limiting feature. When

the other agricultural conditims are used, the living patterns which

fall below the FiW =mide are the sa~e as these for the bone-mrrow dcse.
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Table 1. Naxim,um annual bonemarrow dose (rem).

No restrictions on diet

Village island unmodified for external gammd

Start January 1974 Start January 19s4

Living Pattern Child a Adult a - Child b Adult

1 0.047 0.045 0.047 . 0.043

2 0.314 0.294 0.282 0.290

3 0.790 0.760 0.759 0.754

4 2.27 2.15 2.17 2.13

5 0.361 0.348 0.333 0.344

6 1.10 1.04 1.03 1.02

Living Pattern Village island Agriculture Visitation

1 (A) Ene\fetak-Parry AL\’IX-KEITH Southern Is.

2 (B) Ene~-etak-Parry K.4TE-liIL}M + LEROY Sorthern Is.

3 (D) JANET JANET Northern Is.

4 (F) BELLE BELLE Northern Is.

5 (c) JANET ILITE-h’IL31A + LEROY Northern Is.

6 (E) JANET ALICE-IRENE Northern Is.

a Diet change at 10 yr., i.e., 1984.

b
llOEARCHIVES

Diet change at 10 yr., i.e., 1994.
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Table 2. Maximum annual bonemarrow dose (rem).

No ”restrictionson diet

Village island graveled and plowed

Start January 1974 Start J~nuary 1!!84

Living Pattern Child a Adult a Child b Adult

1 0.047 0.045 0.047 0.043

2 0.314 0.294 ~ 0.282 o.~go

3 0.718 0.677 0.680 0.672
●

4 2.08 1.92 1.93 1.90

5 0.317 0.300 0.285 0.296

6 1.06 0.989 0.988 0.977

Table 3. }laximum annual bonemarro~{ dose (rem).

Village island graveled and plo~{ed

Start January 1974 Start January 1S84

Living Pattern Child a Adult a Child b Adult

1 0.047 0.045 0.047 0.043

2 0.148 0.149 0.200 0.142

3 0.293 0.294 0.418 0.284

4 0.786 0.774 1.16 0.749

~.
0.151 0.178 0.201 0.148

6 0.428 0.437 0.574 0.419

a Diet change at 10 yr., i.e., 1984.

b

POE ARCHIVM

Diet change at 10 yr., i.e., 1994.
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Table 4. ~f~im~ annual bonemarrow dose (rem).

Pandanas, breadfruit, coconut, tacca from southern islands

Village island graveled and plowed

Start January 1974 Start January 1984

Living Pattern Child a Adult a Childb Adult

1 0.047 0.045 0.047 0.043

2 0.122 0.130 0.092 0.101

3 0.168 0.204 0.138 0.166 ,

4 0.415 0.516 0.325 0.392

s 0.121 0.135 0.094 0.106

6 0.253 0.354 0.202 0.254

.

Table 5. \!aximum annual bonenarrow dose (rem).

“lotal diet tro!n southern Islands

Village island graveled and plo~{ed

Start January 1973 Start January 1934

Living Pattern Child a Adult a Child b Adult

1 0.047 0.045 0.047 0.043

2 0.097 0.091 0.071 0.069

3 0.094 0.094 0.077 0.079

4 0.199 0.193 0.133 0.129

s 0.096 0.096 0.074 0.074

6 0.189 0.213 0.123 0.134

.

a
.’

Diet change at 10’yr., i.e., 1984. .
DOEARCHIVES

b Diet change at 10 yr., i.e., 1994. “
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Table 6.Nfaximum annual whole-body dose (rem).

No restrictions on diet
\

Village island unmodified for external gamma

Start January 1974 Start January 1984

Living Pattern Childa Adulta Childb Adult

1 0.039 0.039 0.038 0.039

2 0.234 0.236 0.200 0.233

3 0.619 0.630 0.531 0.628

4 1.81 1.80 1.54 1.79

5 0.285 0.291 0.252 0.291

6 0.798 0.812 0.674 0.802

Living Pattern Village island Agriculture Visitation

1 (A) Enewetak- Parry “ALVIN-KEITH Southern Is.

2 (B) Enewetak-Parry KATE- lVILhI.4 + LEROY Iforthern Is.

3 (D) JANET JANE T N’orthern Is.
6

4 (F) BELLE BELLE Northern Is.

5 (c) JANET KATE- \VXLMA -i LEROY N’orthern 1s.

6 (E) JANET ALICE- LRENE Northern Is.

a
Diet change at 10 yr. , i. e. , 1984.

b
Diet change at 10 yr. , i.e., 1994.

.
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Table 7, Maximum annual whole-body dose (rem).

No restrictions on diet I

Village island grave led and plowed

Start January 1974 Start January 1984

Living Pattern Childa Adulta Childb Adult

1 0.039 0.039 0.039 0.038

2 0.234 0.236 0.200 0.233

3 0.540 0.542 0.452 0.540

4 1.56 1.55 1.30 1.55

5 0.237 0.241 0.204 0.240

6 00749 0.761 . 0.631 0.757

Tabie 8. Nlaximuln annual \\’hole-body dose (rem).

Pandanus and breadfruit from southern islands

Village island graveled and plowed

Start Januar~. 1974 Start Janaar~~ 19S4

Living Pattern “Childa Adulta 4 Childb Adult

1 “o. 039 0.039 .0. 039 .0. ~~fj

2 ‘O. 125 0.128 “O. 146 “0.127

3 0.245 0.252 0.304 “O. 249

4 0.662 0.663 0.846 0.656

5 0.128 “ 0.133 0.149 0.132

6. 0.350 0.367 0.430 9.363

aDiet change at 10 yr. , i. e. , 1984.
~OE ARCHI~b

Diet changeat10yr. , i. e. , 1994.
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Table 9.
\

Maximum annual whole-body dose (rem),
.

Pandanus, breadfruit, coconut, and tacca from southern islands

Village island graveled and plowed

Start January 1974 Start January 1984

Living Pattern Childa Adulta Childb Adult

1 0.040 0.039 0.039 0.039

2 0.091 00122 0.078 0.093

3 0.146 0.187 0.119 0.151

4 0.357 0.475 0.280 0.355

5 0.093 0.127 0.080 0.098

6 0.246 0.328 0.160 0.241
.

Table 10. Maximum anr.ual \vhole-body dose (rem).

Total diet from southern islands

Village island graveled and plowed

Start January 1?74 Start January 1984

Living Pattern Childa Adulta Childb Adult

1 0.040 0.039 0.039 0.039

2 0.090 0.083 0.065 0.066

3 0.087 0.097 0.070 0.076

4 0.192 0.191 0.126 0.126

5 0.089 0.094 0.066 0.071

6 0.182 0.211 0.116 0.131

a
Diet change at 10 yr. , i. e. , 1984. DOE ARCHI~

b
Diet change at 10 yr. , i. e. , 1994.
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